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13T" Biennial Cheese Industry Conference

August 10-12, 1998
Utah State University
Monday August 10
Chair: Rex Infanger, Coltor Food Science
8:00

Registration and continental breakfast

9:00

Welcome
Donald McMahon, Utah State University

Serving a Global Cheese Market
Linking the Dairy Farm to the Cheese Plant by Remote Data Acquisition
- Michael Uttinger, Transweight Data Systems Ltd, New Zealand
Break

10:00
•.'-'10:30

~

. From Commodity to Culinary--A Year in the Life of Cheese
Donna Gorski Berry, Dairy Foods Magazine

,..r

vl1:15

•

"''\ Assessing the Capability of a Process
- Steve Larsen, Hilmar Cheese

12:00

Lunch

The Cheese Industry and the Environment
1:30

"
i

2:15

~ Strategies for Solids
~Mike Eitzman, APV

Recovery in a Cheese Plant
USA

3:00

Break

3:30

Dairy Waste Management in Australia
Conly Hansen, Western Dairy Center, Utah State University

4:15

•

Environmental Regulations and Their Impact on the Dairy Industry
Steve Poe, Utah State University

Increasing the CLA Content in Milk
\ Tilak Dhiman, Utah State University

G:.

5:00

Adjourh

6:00

Cheese tasting and reception buffet, Taggart Student Center Ballroom
Randy Thunell, Gist Brocades; and Chef Jeff Miller, Utah State University

•

Tuesday August 11th
Chair: Donald McMahon, Western Dairy Center
8:00

Continental Breakfast

Knowing What You Have
8:30

Rapid and Simultaneous Microbial Analysis Using the LabSMART System
Gary Richardson, LabSMART, LLC.

9:15

Acoustical Holography for Cheese Inspection
Jerry Turnbull, Internal Vision

10:00
10:30

Break
Adaptation of Infra-red Instrumentation for Analysis of Dairy Products
-Dave McKenna, Foss Foods

11:15
-

Dairy Inspection and Certification: Present and Future
F. Tracy Schanrock, USDA
Lunch

12:00

Understanding Cheese Starter Cultures

•

1:30

c

2:15

"'=t

How Starter Bacteria Direct Cheese Flavor Development

~ Jeff Broadbent, Western Dairy Center, Utah State University

Break

3:00

•

Biology and Control of Thermophilic Phage
Sylvan Moineau, Universite Laval, Quebec

3:30

<to(

Designing Thermophilic Cultures to Solve Cheesemaking Problems
Craig Oberg, Western Dairy Center, Weber State University

4:15

o--

Pathways for Accelerating Cheddar Cheese Flavor Development

/r Bart Weimer, Western Dairy Center, Utah State University

5:00

Adjourn

6:30

Steak Fry, Logan Canyon

•

Wednesday August 12
Chair: Carl Brothersen, Western Dairy Center
8:00

Continental Breakfast

Furthering Our Understanding of Cheese Making
8:30

c:r

'-:t

9:15
\

C..(._

10:00

•

An Alternative Approach to Phage Control in Mozzarella Cheese
Shelby Caldwell, Western Dairy Center, Utah State University
Break

10:30

o I< Influence of a-casein and ~-casein on the Functionality of Processed Cheese
- ' Eric Bastian, University of Minnesota

11:15

Influence of Fat, Salt and Moisture on Microstructure and Functionality of
Mozzarella Cheese.
~ Donald McMahon, Western Dairy Center, Utah State University

12:00

•

Influence of Temperature on Cheese Ripening
Moshe Rosenberg, University of California, Davis.

End of Conference
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13.

Biology and Control of Thermophilic Phage
Sylvan Moineau

14.

Designing Thermophilic Cultures to Solve Cheesemaking
Problems
Craig Oberg

15.

Pathways for Accelerating Cheddar Cheese Flavor
Development
Bart Weimer

16.

Influence of Temperature on Cheese Ripening
Moshe Rosenberg

17.

An Alternative Approach to Phage Control in Mozzarella

Utah
State
UNIVERSITY

Cheese
Shelby Caldwell

•
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18.

Influence of a-casein and !3-casein on the Functionality
of Processed Cheese
Eric Bastian

19.

Influence of Fat, Salt and Moisture on Microstructure and
Functionality of Mozzarella Cheese
Donald McMahon
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LINKING THE DAIRY FARM TO THE
CHEESE PLANT BY REMOTE DATA
ACQUISITION

•
MICHAEL UTTINGER
TRANSWEIGHT DATA SYSTEMS LTD .

•

...

•

REMOTE DATA ACQUISITION SYSTEM

KEY OBJECTIVES
To control and record milk cooling and vat CIP temperature data on
farm.
To provide a audible and visual display in the milking area of above for
the milker.
To provide access to the milk cooling and vat cleaning history and milk
volume in the milk vat at the factory as live data for use in milk quality
control and milk collection scheduling.
Guarantee of control of milk temperature from milking to collection and
delivery to factory to international standards .

•

Provide proof via a audit trail of milk temperature for ISO 9000
Accreditation.

PROJECT AIM
Allocate development funds.
To commission a project pilot scheme of 10 installations- allows for complete
assessment in individual company environment.

•

...

.

•

WHAT R.D.A.S. DOES
*

MEASURES AND RECORDS

A

Volume of milk in vat.

B.

Cooling water inlet temperature to plate cooler.

C.

Milk temperature exiting the plate cooler.

D.

Milk temperature in milk vat.

E.

CIP hot I cold water temperatures- controlled.

F.

Time of milk entering I leaving milk vat.

G.

Time and duration of cleaning of vat.

H.

Optional extras of

*

-

ambient temperature
grass I ground temperature
static electricity in dairy
others

CONTROLS

A.

Milk refrigeration set points maximum and minimum temperatures.

B.

CIP timing and temperatures.

C.

Refrigeration pump down sequence.

D.

Milk vat agitator on I off.

*

VISUAL DISPLAYS AND ALARMS

A.

B.

•

Milk temperatures ex plate cooler and milk vat for milker, tanker driver
and scheduling office at factory.
Audible alarm if :
i)

refrigeration unit not on or not working

ii)

Cooling water not turned on

iii)

Vat CIP hot water not on

•

.,

•

DATA TRANSFER

*

A.

All volumes, temperatures, time from farm to factory via cell phone and
modem.
Provides live data on exceptions to temps or milk cooling equipment.

B.

c.

Live data for milk collection scheduling.
Live milk volume data at factory sites to assist deliveries to factory or

D.

for intersite transfer.
Farmer softWare packages available in parallel with Dairy Company

E.
format.

•

•
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ADVANTAGES OF R.D.A.S.
FOR FARMER

Always knows A.

Water cooling on I off.

B.

Refrigeration on I off.

C.

Agitation on I off.

D.

CIP temperatures.

E.

Milk temperatures.

F.

Milk volumes (split herds, goods paddocks, more than one storage
vessel I vat).

G.

Data transfer on volumes and later in project grading results and
volume comparative data transmitted back to farmer.

H.

Better milk quality.

I.

Seasonal changes highlighted with data.

•

FOR COMPANY

Quality Assurance - audit trail - ISO 9000.
live data for scheduling - better pay loads - interface with computer
aided scheduling systems I office management systems.
Weaned calves would not affect tanker scheduling.
Vat volume for scheduling- milk meter for payment. All meets weights
and measures standards and system non corruptible.
Guarantee of milk temperature meeting international standards.
Reduce data punching.
Eliminate grade sheets.
Assists Milk Quality Officers advising shareholders of problems.

•

•

Proactive servicing of refrigeration units I agitators - hours running
displayed.
Lower APC milk than currently achieved due to consistently good milk
cooling and vat cleaning.
No high temperature milk collected.
No milk dumping due to high temperature (trend - larger herds - larger
vats -larger losses when things go wrong.)

•

•

MR CHAIRMAN- FELLOW DELEGATES- GOOD MORNING .

•

I AM DELIGHTED AND HONOURED TO BE ATTENDING AND
ADDRESSING THIS 13TH BIENNIAL UTAH STATE UNIVERSITY
CHEESE CONFERENCE.

I AM UNSURE IF AMERICAN PEOPLE ARE AWARE OF THE
ONGOING COMPETITIVENESS BETWEEN THE AUSTRALIAN'S
AND NEW ZEALANDERS- OR THE AUSSIES AND THE KIWIS AS
THEY ARE COMMONLY CALLED. THERE IS ALWAYS SOME
FRIENDLY RIVALRY.

THE AUSSIES WILL ALWAYS CLAIM THEY ARE MORE
INTELLIGENT AND INVENTIVE THAN THEIR KIWI NEIGHBOURS.

•

AS SOME OF YOU KNOW, OUR CHAIRMAN DON MCMAHON IS
AN AUSSIE AND OF COURSE, I AM A KIWI.

IT SO TRANSPIRES, DON HAS TAKEN TEN MONTHS TO
REALISE AND ACKNOWLEDGE THE PRODUCT I WISH TO
DISCUSS WITH YOU TODAY.

MORE IMPORTANTLY, THE PRODUCT ORIGINATES FROM NEW
ZEALAND.

SORRY DON, BUT THE AUSSIES CAN BE A LITTLE SLOW, BUT
NOT ALWAYS- JUST JOKING!!!

ACTUALLY, I AM INDEBTED TO DON MCMAHON, MILAN SHIPKA
AND THE WESTERN DAIRY CENTER.

•

IF IT WERE NOT FOR DON AND HIS TEAM, I WOULD NOT BE
ATTENDING THIS CONFERENCE TODAY OR BE PRESENTED
WITH ANY OPPORTUNITIES WHICH MAY ARISE .

THE PRODUCT REMOTE DATA ACQUISITION SYSTEM OR
R.D.A.S. FOR "SHORT" HAS BEEN THE SUBJECT OF
DEVELOPMENT BY MY NEW ZEALAND COMPANY SINCE 1992.

IN AUGUST 1997, I APPROACHED THE WESTERN DAIRY
CENTER FOLLOWING LIMITED RESPONSES FROM MINNESOTA
TECHNOLOGY.

OVER THE NEXT TEN MONTHS, THERE WAS MUCH
COMMUNICATION BETWEEN THE WESTERN DAIRY CENTER
AND MY OWN COMPANY.

•

IN MAY 1998, THE FIRST R.D.A.S. IN THE U.S. DAIRY INDUSTRY
WAS INSTALLED INTO THE CAINE DAIRY CENTER, WELLSVILLE
IN LOGAN.

IT WAS DON'S BELIEF IN R.D.A.S. WHICH ASSISTED ME SO
MUCH, ENABLING THIS INSTALLATION TO BE COMPLETED.

ESSENTIALLY WITH R.D.A.S, I HAVE SIMPLY SAID THIS :
EVERY DAIRY FARM IS A FACTORY AND REQUIRES
MANAGEMENT AND CONTROLS LIKE THOSE APPLIED IN A
NORMAL FACTORY. ~ -;;r: '-\0-A ~~~~ ,D6'":) ~ ..s~??~~......:&
?~~~N&

.
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R.D.A.S. GIVES A COMPLETE CONTROL I AUDIT FACILITY ON
THE DAIRY FARM OPERATION.

TOTAL MILK VOLUMES HELD IN MILK TANK OR TANKS.

0'-JE...

•

TEMPERATURE PROFILES
REFRIDGERATION CONTROLS AND AUDIT.
CIP CONTROL AND AUDIT
ALL INFORMATION IS AVAILABLE TO BOTH THE FARMER AND
THE FACTORY OR COLLECTION SERVICE.
WHILE THESE ARE VERY BASIC FUNCTIONS WITHIN THE
DAIRY FARM OPERATION, THEY ARE ALSO CRITICAL TO
QUALITY CONTROL.
BEFORE R.D.A.S., IT WAS VERY LIKELY THE DAIRY FARMER,
PROCESSING FACTORY OR MILK COLLECTION SERVICE DID
NOT KNOW ABOUT ANY PROBLEMS BEFORE IT WAS TOO
LATE.

e·

NOW THERE IS EVERY PROBABILITY POTENTIAL PROBLEMS
CAN BE ELIMINATED BEFORE IT IS TOO LATE.
MILK PRODUCERS CAN SUPPLY GRADE A PRODUCT READY
FOR COLLECTION. IT IS THEN UP TO THE PROCESSORS TO
CONTINUE WITH QUALITY CONTROL.

COMPUTER AIDED SCHEDULING COLLECTION I SYSTEM
DEVELOPERS ARE PUSHING FOR R.D.A.S BECAUSE THE
VEHICLE ROUTING PLAN CAN BE COMPLETED WITH LIVE
DATA. NOT DATA WHICH CAN BE 48 HOURS OLD OR EVEN
ESTIMATED.

THE GERMAN CORPORATE- WESTFALIA- MANUFACTURERS
OF MILK PLANT EQUIPMENT- VISITED ME IN NEW ZEALAND
ON 22 JULY TO VIEW THE PRODUCT.

RESULTING FROM THIS, WE ARE NOW EXPANDING R.D.A.S

•

I AM ABLE TO CONFIRM THE ADDED INFORMATION WHICH
R.D.A.S. WILL PRODUCE, CAN ONLY BUT IMPROVE FARM
MANAGEMENT AND PROCESSORS OPERATIONS.

THERE IS A CERTAIN PERCENTAGE OF HARDWARE
ENGINEERED INTO R.D.A.S. WHICH IS USED IN FACTORY
OPERATIONS.

IN SIMPLE, I HAVE TAKEN SOME OF THE SAME FACTORY
HARDWARE AND INSTALLED IT INTO R.D.A.S. BUT LOCATED
ON THE PRODUCING DAIRY FARM.

IT HAS BEEN EXTREMELY FRUSTRATING AT TIMES DURING
THE PAST 2-3 YEARS, WHILE COMMUNCATING WITH DAIRY
INDUSTRY MANAGEMENT, NOT ONLY IN NEW ZEALAND BUT
INTERNATIONALLY.
FROM NEGATIVE RESPONSE, THERE WILL VERY LIKELY BE
POSITIVE DEVELOPMENT. R.D.A.S. CERTAINLY SITS IN THIS
CATEGORY.

ONE LARGE N.Z. DAIRY COMPANY TOGETHER WITH THE NEW
ZEALAND DAIRY BOARD HAVE MADE A COMMITMENT TO
SPEND NZ$80 MILLION OVER THE NEXT THREE YEARS TO
WHAT IS IDENTIFIED AS "MANAGING THE SUPPLY CHAIN".

THIS IS A CONTROL WHICH WILL ESSENTIALLY BE ABLE TO
HAVE TRACKING FROM ANY ONE OF 7,000 DAIRY FARMS TO

•

THE CUSTOMER. THIS COULD BE A SUPERMARKET IN
BAHRAIN OR TOKYO .

IN EFFECT, CONTROL IS FROM 'COW TO CUSTOMER'.

PUBLICALLY, THE SAME COMPANY HAS SAID THEY ARE
RELUCTANT TO TALK ABOUT THE MISSING LINK IN THE
MANAGED SUPPLY CHAIN. I.E. THAT IS THE LINK FROM THE
FARM TO THE FACTORY.

YOU SEE THERE IS A GLOSS OVER OF THE REAL ISSUES. A
SWEETNER IS OFFERED TO HAVE PEOPLE BELIEVE EFFORTS
ARE BEING MADE TO ADDRESS THE ISSUES.

CLEARLY, THE MISSING LINK IN THE SUPPLY CHAIN, THE
MOST PIVOTAL AND CRITICAL IS THAT OF R.D.A.S .

•

EXPANDABLE QUALITIES OF R.D.A.S. ARE VERY LARGE AND
WE HAVE ONLY JUST BEGUN TO SECURE GENUINE INTEREST
FROM THE INDUSTRY.

THE GENERAL MANAGER OF A NEW ZEALAND $4BILLION
DAIRY COMPANY SAID TO ME AND I QUOTE:
"IF OUR OVERSEAS CUSTOMERS, PARTICULARLY THE ASIANS,
ARE AWARE OF THE PROBLEM THIS COMPANY HAS WITH
TEMPERATURED MILK, THEN THIS COMPANY IS IN VERY
SERIOUS TROUBLE".

CAPITAL EXPENDITURE APPLICATION IS NOW BEING
PROCESSED IN THIS COMPANY.

•

•

THE CHAIRMAN OF THE NEW ZEALAND DAIRY BOARD- A NEW
ZEALAND $6 BILLION COMPANY, TOLD ME R.D.A.S. HAS
DEFINITE APPLICATIONS AND ADVANTAGES. HE QUESTIONED
INTERNAL RATES OF RETURN ON INVESTMENT.

INTERNAL RATES OF RETURN ON INVESTMENT WILL VARY.
WHAT IS ACCEPTABLE FOR ONE, WILL NOT WORK FOR
ANOTHER.

HOWEVER, I FIRMLY BELIEVE THE REAL ISSUE IS NOT ONLY
TO SATISFY THE FINANCIAL PEOPLE WITH ACCEPTABLE
RATES OF RETURN, BUT ONE OF STALLING THE ADMISSION
OF A VERY SERIOUS PROBLEM. NOT ONLY IN NEW ZEALAND
BUT ALSO IN MANY DAIRY NATIONS.

••

THE COST OF R.D.A.S. AT AN ESTIMATED AVERAGE OF
NZ$12,000.00 PER FARM, IS A MINOR CONSIDERATION WHEN
EQUATED INTO THE TOTAL FARM INVESTMENT.

IF YOU LOOK CAREFULLY AT THE DAIRY FARM OPERATION,
THERE IS SO MUCH SCOPE FOR R.D.A.S. TO BE APPLIED.

I HAVE CHOSEN NOT TO USE SUPPORTING OVERHEADS OR
OTHER VISUAL AIDS.

IN PLACE OF THIS, TO THOSE DELEGATES WHO SEE
APPLICATION OF R.D.A.S. INTO THEIR RESPECTIVE
OPERATIONS BEING BENEFICIAL, I INVITE YOU TO VISIT THE
CAINE DAIRY CENTER AND INSPECT FOR YOURSELF THE
PRODUCT IN THE WORKING ENVIRONMENT.

•

THIS WILL BE AN OPPORTUNITY TO VIEW HOW
INSTALLATIONS ARE COMPLETED .

•

TO STUDY THE DATA ACCESSED. TO TALK TO MILAN SHIPKA
AND HEAR JUST HOW HE INTERPRETS R.D.A.S.

R.D.A.S. IS AN EXTREMELY SIMPLE PRODUCT- IT HAS TO BE
SIMPLE BECAUSE EVEN I UNDERSTAND IT!!!! -AND SO DOES
DON.

I HAVE BEEN INFORMED THE U.S. DAIRY INDUSTRY PLANS TO
BE EXPORTING DAIRY PRODUCT BY THE YEAR 2003.
CURRENTLY MOST OR ALL OF DAIRY PRODUCT PRODUCED IN
THE U.S. IS CONSUMED DOMESTICALLY.

•

AS THE U.S. DAIRY INDUSTRY EQUIPS THEMSELVES TO
BECOME A COMPETITOR ON THE INTERNATIONAL EXPORT
MARKET, THEY SEE R.D.A.S. AS BEING AN INTREGAL PART BY
PRODUCING STATISTICAL DATA AND QUALITY CONTROL.

RESULTING FROM WESTERN DAIRY CENTER'S INITIATIVES,
WE ARE NOW NEGOTIATING WITH 5 COUNTRIES TO
COMPLETE PROJECT PILOT SCHEMES WITH R.D.A.S.

THE EUROPEAN UNION I COMMISSION GUIDELINES TO
INDUSTRY STANDARDS ARE VERY SPECIFIC.
TEMPERATURE PROFILES ARE CRITICAL. WHILE THERE HAS
BEEN SOME LENIENCIES TOWARD LAW ENFORCEMENTS,

•

•

THE E.U. HAS SAID ...... NO MORE. HERE ARE THE RULES AND
THEY WILL BE EFFECTIVE AND ENFORCED .

IN NEW ZEALAND, WE WOULD BE VERY EMBARRASED IN THE
EVENT OF A FLYING SQUAD VISIT BY AUTHORITIES.

I HAVE CIRCULATED BULLET POINTS ON R.D.A.S AND TRUST
THESE WILL HELP THOSE READERS UNDERSTAND THE
PRODUCT.

IT IS EVIDENT, R.D.A.S. WILL BECOME AN ESSENTIAL
COMPONENT IN THE MODERN DAIRY FARM.

IN CLOSING, I THINK IT WOULD BE MORE BENEFICIAL TO HAVE
THE CONFERENCE ASK QUESTIONS RATHER THAN FOR ME
TO TALK VALUABLE TIME AWAY FROM THOSE QUESTIONERS .

•

BUT YOU ARE NOT ALLOWED TO ASK ME ANY SERIOUS
TECHNICAL QUESTIONS -REMEMBER- I AM JUST A KIWI.
CLOSING -

AGAIN, TO MY CONFERENCE COLLEAGUES- I THANKYOU FOR
THE ATTENTION GIVEN AND TO DON -I APPRECIATE THE
OPPORTUNITY GIVEN TO ME AND WISH YOU A VERY
SUCCESSFUL CONFERENCE

•
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FROM COMMODITY TO CULINARY
A YEAR IN THE LIFE OF CHEESE

•
DONNA GORSKI BERRY
DAIRY FOODS MAGAZINE

•

•
From Commodity
To Culinary
A Year in the Life Of Cheese
By Donna Berry
Senior Editor
Dairy Foods magazine
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Total Retail Natural Cheese Sales

Branded vs. Private Label
YTD Ending 4/18/98
Volume: Thousand Lbs.

• Branded

<Jt>

• Toral Natural Cbeele
321,771..53 +4.1%
• Branded
190,050.31 +2.4%
• Private Label/Generic
131,727.22 +1.6%
(% chanse vs. YAGO)

Priv.ate Labei/Geaeric

Source: ACNielsen; IDFA Cheese Market Research Project

•

1

•

Total Retail Natural Cheese Sales

By Fat Content
YTD Ending 4/18/98
•

Volume: Thousand Lbs.

•

Total Natural Cheese
32.1,771.53 +4.8%
Full-fat/Regular

234.547.41

+7.7%

•

Reduc:ed-fat
77,041.16
+0.90%
• Fat-free
-~,~
10,187.86
-20.32-Y.
(%change vs. YAGO)
• Full-fatiReeular
'l' Reduced-fat
• Fat-free

Source: ACNielseo; IDFA Cheese Market Research Proj~t

•

Total Retail Natural Cheese Sales

By Form
YTD Ending 4/18/98
Volume: Thousand Lbs.

.

Total Natural Cheese
311,777.53 +4•8%
• Clluak/Loaf
137..726.67 +5.4%
• Shreds/Crumbles
114,581.01 +5.5%

• Grated
17,619.11
• Chuak/Loaf
i.';l Shredii!Crumbla
•Grated
. Sprqd/Saack
•Siicee
All Other

-2.2%

•

Spread/Saack
12,946.73
+14.9%
•Slices
9,824.13
+3.2%
• All Otber
•

29,071.20
+0.12%
(0.4 cbanse vs. Y AGO)

Source: ACNiel~ IDFA Cheese Market RC$eMcb Project
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•

•

Key Varieties of Natural Cheese

Retail Sales
YTD Ending 4/18/98
VQLUME (000 Jbs.}
120,609.03

~4BJETY

•

Cheddar

• Mozzardla

73.SOl.04

•

18,628.9!'i

Ricotta

• Parme1an
• Monterey Jaek
Colby
• Swiss

16,914.51
15,169.78

•

1.293.35
1,148.09
49,13%.38

.
.

Romano

Mnen1ter
• All Other

a,o9s.as
6,624.16

(~AJS:~E

VS. l'AGQ)

+6.1%
+0.16%
+0.76%
·2.8·~

+4.7°Ao
+l.l%
+3.7%
-6.3%
+16.6o/.
+16.1%

Souree: ACNielsen; lDFA Chee5e Market .Research Project

•

Total Retail Processed Cheese Sales

Branded vs. Private Label
YfD Ending 4/18/98
Vol11.01e: Thousand Lbs.

•

Total Processed Cheese
23~87.47

+O.U%

• Branded
170,345.15 +0.34%
• Private Labd!Generic
62,642.31
..0.47%
(%change vs. Y AGO)

• Branded 1:1 Priw.te Label/Geaeric

Source: ACNielse.n; lDFA Cheese Market ~h Project

•
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•

Total Retail Processed Cheese Sales

By Fat Content
YTD Ending 4/18/98
•

Total Processed Cheese
232,987.47 +O.llo/•
• Fall-fat/Regular
204,115.56 +1.2°/e
• Reduced-fat
13,195.SS
7.2%

Volume: Thousand Lbs.

--1!1·~

• Fat-free
15,676.36

-15.7%

(%change vs. YAGO)
• FuU-fatiRegutar
~ Reduced-fat

• Fat-tree

Source: ACNielsen; IDFA Cheese Marker Research Project

•

Total Retail Processed Cheese Sales

By Form
YTD Ending 4/18/98
•

Volume: Thousand Lbs.

Tow .Processed Cbeese
23:1,987,47 +O.ll%

• Sliees
161,512.15 .0.23%
• Chuok/Loaf
47,218.61
+1.17%
• Spread/Snack
23,099.39
-0.7t•IO
•Slices
~ Chuak/Loal'
• Spread/Saack

•

Sbred&I'Crumbles
1,157.32
+30.7%
(OAI change vs. YAGO)

Shreds/Crumble~

Source: ACNiel~ IDFA Cheese Market: kesearcb Project
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•

Key Varieties of Cream Cheese

Retail Sales
YTD Ending 4/18/98
VAIU.ElY

VOLUME (000 lbl.)

<CHANGE vs. YAGO)

• Cream

65,850.77

+0.40%

• Neufchatel

7,738.97

+4.7%

Source: ACNielsen; IDFA Cheese Market Research Project

•

Domestic Production of Specialty Cheese

1997
VABIED:

. Bluc/Gorgonzola
. Calllembert!Brie

YQLJJME (000 lbs.)

CCftANG.E YS. YAGQl

41,800

+ll..fi%

11.110

+3.0%

Feta

46,997

+12.0¥•

Gouda/Edam

11,433

+3.0%

Bavarti

3,574

-5.0%

Hispanic

68,800

+2.1-t•

Limburger

. ParmesanJSimilan

746

+3.7%

150,100

+145%

• RomaaoiSimBan

30,100

+12.8%

•
•
•
•
•

Source: Dan Carter Inc.; IDDBA

•
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•

Domestic Production of Commodity Cheese
1997
¥ABIETI

VOLUME

cooo Jbs.l

<CIIANGE ys. YAGOl

• Cheddar

2,639,516

+1.4%

• Mol'Zarella

2,244,005

·1.5%

• TOTAL CHEESE

7,351,519

+0.641/o

Source: USDA

•
Five Leading States in
Natural Cheese Production - 1997
I

WiscOGsin

1119

California

1173

&ll
New York

617
'71

Idaho
0

1000

1500

lSOO

Volume: Millioo lbs.

Source: USDA
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•
ASSESSING THE CAPABILITY
OF A PROCESS

•
STEVE LARSEN
HILMAR CHEESE CO .

•

ASSESSING THE CAPABILITY OF A PROCESS

•

Steve Larsen
Hilmar Cheese Co.

What

An analysis which helps determine the extent to which the output of a process, namely,
the given product, service, or information meets or exceeds the expectations and requirements ofthe customer. Capability analysis compares the natural process limits with the
customer's expectations or engineering tolerances to see if the process is producing product
to specification. In other words, capability analysis determines if the natural behavior of
the process is producing a product that meets the requirements of the customer.

When

Use capability analysis to:
•
•
•

Analyze and evaluate the capability of the current process
Continuously improve the process
Assess whether a process is meeting customer specifications

Note: An accurate analysis of process capability can be determined only when the
process is statistically in control. If the process is not in statistical control. it is not predictable.
This means it is not possible to predict if the product will meet the customer's same
specifications in the future. We will evaluate our process capability periodically knowing that it
may not be in statistical control. This will give us a picture of how well we are doing at a given
time as we strive for statistical control by eliminating special cause variation.
.Who
How

•

Managers in collaboration with employees
To use capability analysis:
• When a process is statistically in control, approximately 99.7% of the data will be located
within a range of 3 standard deviations above and 3 standard deviations below the average
and centered around the mean. This defines the natural process limits.
•

Knowing that we may not be in statistical control, we still want to determine process
capability for a given time by comparing the natural process limits to the specified
tolerance. The specified tolerance is calculated by dividing the customer's product
specification range by one standard deviation or sigma. The specified tolerance must be
wider than the natural process limits in order for us to meet the customer's product
specifications. The wider the difference between the specified tolerance and the natural
process limits the better. Also, to help us compare the natural process limits to the
customer's product specifications, we will determine the distance to the nearest
specification. Here we will measure the distance from the process average to the nearest
product specification. We want this distance to be greater than 3 standard deviations. The
advantage of using specified tolerance and distance to the nearest specification is that we
are evaluating process capability by looking at the actual units of measurement which are
standard deviations.

•

The specified tolerance and distance to the nearest specification can be converted to indexes
called Cp and Cpk. While these indexes are used by some to compare the natural process
limits to customer specifications, the disadvantage is that they are more difficult to interpret
because they have been converted to indexes. We will learn how to do this calculation
because some of our customers may use Cp and Cpk.

Assessing the Capability of a Process

•

Has Process
Displayed
Statistical Control

Place Data On
Control Chart

Plot Histogram for
Individual Values versus
Specification Limits

Yes

Compute
Natural Process Limits:
The Voice of the Process

Compute
Distance to Nearest
Specification
in Si rna Units

•

No
Well-Defined
Capability
May Evaluate
Hypothetical
Capability

Work On Getting
Process Into
Statistical Control

Yes

Process May Be
Not capable
of Meeting
Specifications

Compute
Specified Tolerance
in Sigma Units

Process Is
Capable
of Meeting
Specifications

Work On
Setting
Process Aim
Correctly

Yes

•

No

Process May Be
Not capable
of Meeting
Specifications

Understanding Statistical Process Control, 2nd Ed by Donald J. Wheeler & DavidS.
Chambers, (C) Copyright 1992 SPC Press, Inc., Knoxville, TN All rights Reserved

Work on Reducing
Variation of Process
While Setting
Process Aim
To Minimize
Nonconforming
Product

---------------------------------~~-
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PROCESS CAPABILITY
Cheddar Make Data
Cheese Moisture at Four Days
Target
Mean

150
SL

USL
~3sp

:3sp

100

50

o~~~~~~~~--~~~~~

31.5
Samples:
Mean:
Std Dev:

32

32.5

33.5

33

541
33.9677
.47337

Zmin:
Zusl:
Zlsl:
Cp:
Cpk:

34

34.5
35
Act% out:
3sp Lim:
Target:
~ec Lim:
n, Max:

4.157
4.293
-4.157
1.408
1.386

35.5

36

36.5

l.oooo, .ooooL
32.548, 35.3 8)
34
l32, 36~
32.7,
5.2)

A process that is in statistical control with normal distribution will be 3 sigma units wide in each
direction from the mean. Our goal is to reduce variation to where the customer's specifications are
located at least 4 sigma units from the process mean in both directions. This difference will give us
some "elbow room" between the natural process limits and our customer's specifications. It is also
essential that the process average or mean be located as close to the specification target as
possible.

Assessing the Capability of a Process

•

Tolerance: USL - LSL : 36 - 32 = 4
Specified Tolerance: USL - LSL I 1 Sigma Unit:

36-32
.47337

8.45 Sigma Units

Distance to the Nearest Specification: (The smaller of the two)

DNSu:

USL - Mean I 1 Sigma Unit:

DNSl:

Mean - LSL I 1 Sigma Unit:

36- 33.9677
.47337
33.9677-32

=

4.293 Sigma Units

=

14.157 Sigma Units

.47337

I

--~~!~:-~~-.Q~-~~-~-!?~~!-~~~-~~-~~-~-Y-~E~~-~-~~J-~-~!~_1-~_!!-~~-!!!~!~~~_l_<:g~-~~~-------------Cp:

USL - LSL I 6 Sigma Units:

36- 32
6 X .47337

=

1.408

Cpk: USL - Mean I 3 Sigma Units or Mean - LSL I 3 Sigma Units

•

36- 33.9677
3 X .47337

1.431

OR
(The smaller ofthe two)

33.9677-32
3 X .47337

•

PROCESS CAPABILITY
Cheddar Make Data
Cheese Moisture at Four Days
Target
tnean

200

USL
_. 3sp

LSL
:..Jsp

150

;I
!I
!I
!I

100
50

1;

31
Samples:
Mean:

Std Dev:

541
33.9908
.65715

3.029
3.058
-3.029
1.014
1.01

Zmln:
Zusl:
Zlsl:

Cp:
Cpk:

Act% out:
3sp Lim:

( .DODO, .55453)
( 32.019, 35.962)
34
( 32, 36)
( 32, 36.3)

Target:
Spec Lim:
Min, Max:

When the natural process limits are essentially the same as our customer's specifications, we will, more
often than not, have some product that fails to meet that customer's specifications when the process is
not in statistical control and/or when the process is not centered at the specification target.

Assessing the Capability of a Process
Tolerance: USL - LSL : 36 - 32

•

=

4

Specified Tolerance: USL - LSL I 1 Sigma Unit:

36-32
.65715

=

Distance to the Nearest Specification: (The smaller of the two).

DNSu:

36-33.9908
.65715

USL - Mean I 1 Sigma Unit:

33.9908-32
.65715

DNSl: Mean - LSL I 1 Sigma Unit :

Cp: USL - LSL I 6 Sigma Units:

36-32
6 X .65715

=

3.058 Sigma Units

=

1.014

Cpk: USL - Mean I 3 Sigma Units or Mean - LSL I 3 Sigma Units:

•

6.086 Sigma Units

36- 33.9908
3 X .65715

1.015

OR

(The smaller of the two)

33.9908-32
3 X .65715

3.029 Sigma Units

•

PROCESS CAPABILITY
Cheddar Make Data
Cheese Moisture at Four Days
Target
Mean

150

USL
100

~Jsp

;3sp

50

0
30.5
Samples:
Mean:
Std Dev:

31

31.5

32

33

32.5

541
33.9353
.95824

33.5

Zmin:
Zusl:
Zlsl:
Cp:
Cpk:

34

2.02
2.155
-2.02
.6957
.6732

34.5

35

35.5

Act% out:
3sp Lim:
Target:

~ecLim:

n, Max:

36

36.5

37

37.5

l2.0333, 2.9575)
31.061, 36.81)
34
l32, 36~
31.4,
6.8)

When the process standard deviation is large relative to the tolerance (the difference between the
customer's upper and lower product specifications), we will have a condition where the natural
process limits are outside of those specifications. We will have some product which does not
meet our customer's requirements.

Assessing the Capability of a Process

•

Tolerance: USL - LSL

36 - 32 = 4
36-32

Specified Tolerance: USL - LSL I 1 Sigma Unit:

=

.95824

4.174 Sigma Units

Distance to the Nearest Specification: (The smaller of the two)

DNSu:

USL - Mean I 1 Sigma Unit:

36-33.9353

2.155 Sigma Units

.95824

DNSl:

Mean - LSL I 1 Sigma Unit:

33.9353-32

=

2.02 Sigma Units

.95824
Note: The DNSu & DNSl are the same values as Zusl & Zlsl on the histogram legend
36-32

Cp: USL - LSL I 6 Sigma Units:

6 X .95824

=

.6957

Cpk: USL - Mean I 3 Sigma Units or Mean- LSL I 3 Sigma Units:

•

36-33.9353
3 X .95824

=

33.9353- 32
3 X .95824
(The smaller of the two)

.718

OR

.6732

"On - Target with Minimum Variation"
•

Operating "on - target" requires a different way of thinking about our processes.
Operating with "minimum variance" is achieved only when
a process displays a reasonable degree of statistical control.
Dr. Genichi Taguchi
Target

DNS = The distance from the
process average (mean) to the
nearest product specification
in sigma (standard deviation)
units.

DNS>
4 Sigma

•

DNS>
3 Sigma

DNS = 3 Sigma
Acceptable Product ?

Lower Spec Limit

+---- Upper Spec Limit

Unacceptable Product

PROCESS CAPABILITY
Cheddar Make Data
Cheese Moisture at Four Days
Tar-get
M ea n

150
LSL

USL
-3s p

100

;3sp

50

•

0~~~~~~~~~~~~~~~~~~~--~--~~~~~~~--~~~~

31.5
SaiiTiples:
Mean:
Std Oav:

32

32.5

541
33.9677
.47337

33
ZIITIIn:
Zusl:
Zlsl:

Cp:
Cpk:

33.5

34
4 . 157
4.293
-4.157
1.400
1.306

34.5

Act% out:
3sp LIIITI:
Tar-gat:

~:.crJ.!~::

35

35.5

36

( .0000
.0000)
( 32.540.
35 .380)
34
( 32.
36)
( 32 . 7,
35.2)

36.5
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if it: stables or confines and feeds or maintains animals for a total of 45 days or more in
any 12-month period, and does not sustain crops, vegetation, forage growth, or post
harvest residues during the normal growing season over any portion of the lot or facility .
The factors that determine whether an AFO is a CAFO vary depending on the number of
animals confined in the feedlot. In general, the largest AFOs (> 1, 000 animal units) are
defined as a CAFO based on animal units alone. An AFO in the middle tier (301-1,000
animal units) may be a CAFO if: a) it directly discharges pollutants into water that
originate outside of and pass over, across, or through the facility or otherwise come into
direct contact with the confined animals or b) pollutants are discharged through a manmade conveyance. An AFO with less than 301 animal units is not a CAFO unless the
permitting authority designates is as a CAFO on a case-by-case basis based on a
determination that the AFO is a significant contributor of pollution to waters of the United
States. The regulations also provide that no AFO is a CAFO under these definitions if it
discharges only in the event of a 25-year, 24-hour storm event.

•
•

•

Feedlot Eftluent Limitation Guidelines (see 40 CFR part 412). National Eftluent
Limitation Guidelines are technology-based eftluent limitations that establish a minimum
standard of performance for certain categories and classes of point sources. These
standards are imposed on facilities through NPDES permits. The eftluent limitation
guideline for feedlots appears at 40 CFR part 412. These guidelines establish a standard
of"zero discharge" to the waters ofthe U.S. for feedlots to which the guidelines apply. In
addition, the Feedlot Guidelines allow for the discharge of an overflow from a facility that
is properly constructed and maintained to contain all the process wastewater plus the
rainfall from a 25-year, 24-hour storm event. For facilities not covered by the Feedlot
Eftluent Guidelines, requirements are developed on a case-by-case basis using the permit
writer's Best Professional Judgement (BPJ) (see 40 CFR § 125.3(c)). After determining
the appropriate technology based standard, the permit writer determines whether the
resulting discharge has a reasonable potential to cause or contribute to an exceedence of
State water quality standards. In the event that there is a reasonable potential, the permit
writer develops additional water quality-based eftluent limitations for incorporation in the
NPDES permit as necessary to assure compliance with water quality standards.

Based on the direction of current and pending regulations, the following can be concluded:

The government and the population in general will not tolerate any discharge from a
livestock production facility.
The number of smaller farms will continue to decrease as the number of larger farms will
mcrease.
The larger operations will continue to get larger, allowing for increased competitiveness
due to economies of scale. Only the larger operations will be able to incure the $20,000+
per year for BMP compliance.

•

As the cost of compliance increases the cost of production will also increase .
Each production facility must have a plan that accounts for all the nutrients produced.
New practices such as composting and cooperative agreements between livestock and
crop producers will become imperative.

•

•

•

Requirements and Planning Checklistt
1.
2.
3.
4.

Evaluate the site and potential methods of waste management.
Make or obtain cost estimates.
Evaluate if adequate water rights and supply are available to run the proposed operation.
If an anaerobic lagoon system will be used, approval from NRCS or DWQ is required, and the
requirements apply.
5. Calculate the volume of the lagoon needed and number of animal units.
6. If the volume of the lagoon exceeds four million gallons and the number of animal units
exceed one thousand, then a ground water discharge permit is also required.
7. Contact DWQ if a ground water permit is required.
8. Draw a preliminary site sketch and layout.
9. Have a soil and water table investigation done, using a consultant or agencies. See below:
a. One exploration should be at least 4-feet below the proposed bottom of the lagoon.
Additional exploration is recommended.
b. Log soil types and elevation of the seasonal high water table (SHWT).
c. Evaluate findings of the investigation. The soil strata must be hydro-geologically stable and
the SHWT must be at least 2-feet below the lagoon bottom.
d. Based on findings, you may need to adjust your decision on the type of waste disposal facility,
siting, and dimensions for the facility.
e. Run soil tests to see if native soil is adequate as a liner, or if imported clay or bentonite
addition to native soil will be needed to attain a K (permeability) value less than or equal to 1
X 1o-7 em/sec.
f Based on cost estimates, evaluate whether to install a soil liner or a synthetic liner.
10. Locate and dimension the system, to include the requirements from the AWMFH and this
pamphlet, for odor control, embankments, piping, liner permeability, etc.
11. Make draft plans and specifications for the system expanding on the concept drawing in the
pamphlet.
a. This should include the location of all essential lagoon structures, materials, equipment,
dimensions, and elevations.
b. The specifications should describe the materials and installation requirements needed to
complete the plans successfully.
12. If land application of waste nutrients is necessary, a nutrient management plan must be
drafted and included with the specifications.
13. Have your draft plans and specifications reviewed and signed by yourself or your consultant
prior to submittal to the NRCS or DWQ for approval.
14. The agency will review the plans and will ask for adjustments to the design as needed, or will
issue an approval permit to you.
16. Notify your agency contact, of the date you begin construction.
17. Normally, the agency will do some concurrent inspection during construction.
18. N otif)r the agency of completion of the construction, and request final inspection or
certification.
19. Receive final approval of completed construction prior to discharging water into the lagoon
system .
20. Make a set of as-built plans, for a record, for you and the agency.
t

Contact NRCS, USU CES, your consultant, company sponsor, or DWQ for additional help.
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Strategies for Solids Recovery in a Cheese Plant
I.

.~ APV

Introductions
Today, U.S. Cheese manufacturers are beginning to focus more attention on
controlling milk solids and cleaning chemical discharges from their facilities than
ever before. This is being driven by the ever increasing value of dairy solids, the
high cost of cleaning chemicals, surcharges by local municipal waste treatment
facilities, and tightening EPA regulations in land spreading of wastes.
Fortunately, technologies available to improve solids recovery have been
advancing at the same time. Cheese manufacturers now have access to
components and systems that can recover valuable solids and chemicals from
plant waste streams. These technologies include:
•
•
•

II.

•

Single Stem Double Seat Valves
Nanofiltration Membrane Systems
Use ofUltrafiltration to Standardize Cheese Milk

Solids Recovery Technologies
A. Single Stem Double Seat Valves

Recent acceptance of modified double seat valve designs that meet the PMO
provide opportunities to simplify fluid flow installation for solids recovery.
(How a double seat valve works - Overhead)
The valve normally consists of an upper and lower body separated by the
valve seats. A full line size isolation chamber located between two valve seats
separates the upper and lower body of the valve. A specially designed spray
nozzle located in the isolation chamber ensures complete cleaning during CIP.
This eliminates the need for full line flow necessary in multiple single seat
valve "block + bleed" installations.
(Swing Panel, Block + Bleed and Double Seat- Overhead)
Most double seat valves are used as single shut-off valves in a matrix or
valve "cluster" application, although they are also used as stand alone single
valves.
B. Nanofiltration Membrane Systems.

•

Recent advances in membrane bonding materials and design now allow dairy
processors to recover caustics and acids using nanofiltration .
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Newly developed thermal and pH resistant polymer nanofiltration membranes
are now available. In the past, ceramic membranes have been used in
cleaning solution recovery systems. Not only were these systems expensive
but because the pore sizes are in the ultrafiltration and microfiltration ranges,
they remove suspended solids only. With nanofiltration, a purified permeate
is produced of caustic or acid solution. These can be reused directly or after
concentration adjustment. Since these systems are available with tubular, as
well as spiral membranes, they can handle CIP solutions containing fines,
sediments and small particles.
C. Ultrafiltration for the Concentration of Cheese Milk
There is a growing acceptance by federal and local regulatory agencies of the
cold ultrafiltration of raw cheese milk. This allows the cheese manufacturer
to not only produce a more uniform product, increase the capacity of the
HTST and cheese vats, save starter and rennet, but also provides opportunities
to add back milk rinsings from the plant CIP systems to the cheese
manufacturing process.
It is of paramount importance that the manufacturer consult both the
mandatory and voluntary regulatory agencies regarding concentration of
cheese milk using cold ultrafiltration. Its acceptance, although growing,
is still subject to approval by local authorities and there may be questions
regarding the Standards of Identities for products manufactured using these
processes.

•
III.

Applications of Solids Recovery Technologies

A. Raw Milk Receiving
One of the major obstacles to overcome in instituting a solids recovery
program in a facility is making it easy for the operators.
Double seat valves allow operators to make a single set of connections to a
tanker for both receiving and CIP.

(Raw Milk Receiving- Overhead)

•

A single double seat valve is installed in the CIP supply line to the tanker
spray devices. After the operator takes his samples, he can also hook up the
CIP supply connections or install the drop-in tanker washer in the manway of
the tanker.
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After solids recovery and CIP are complete, the operator can disconnect the
spray devices.
This system makes solids recovery and CIP safer, easier, and quicker than
conventional methods requiring multiple trips on top of the tanker.
A cluster of four double seat valves and a single seat isolation chamber
CIP valve are located on the discharge of the tanker. After a single
connection of the receiving hose, milk receiving, solids recovery, and CIP can
occur without any further connections or disconnects by the operator.
Tank burst rinsings prior to CIP, recover any remaining milk left in the tanker.
These rinsings can be sent directly to the Raw Silo's or to a separate solids
recovery tank.
Ultrafiltration Overhead

•

If ultrafiltration for the concentration of cheese milk is used, milk rinsings
should be sent to the raw silos. After proper agitation the full silo is tested in
the lab for composition. The lab results of the actual protein content for each
silo are then entered into the control system of the ultrafiltration plant. The
UF system then removes the necessary permeate to achieve the desired
concentration preprogrammed into the unit. It is important to note that up until
now, in APV's experience, no instruments are available that can provide
consistent, accurate measurement of milk composition "in line" while
withstanding the rigors of the dairy processing environment. The permeate,
consisting primarily of water and lactose, can be combined with streams going
to the whey evaporator.
Milk solids recovered from the CIP systems prior to the cheese vats can also
be cooled and added back into the raw silos. These amounts will be limited
by their impact on the quality of the finished product as determined by the
cheese variety and the cheese maker.
If solids are collected in a solids recovery tank, they can be concentrated by a
dedicated reverse osmosis system to a composition that can be added back to
the raw silos without jeopardizing the quality or composition of the finished
product. Concentrated solids can also be sent out together with the separator
desludges and sold as animal feed.

•

Alternatively unconcentrated solids can simply be bled into the whey feeding
the evaporator to a point which will not impact the quality ofthe whey .
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B. Mozzarella Cooking Water
Nanofiltration systems utilizing spiral membranes can be utilized to remove
fat, protein and lactose from the cooking water in mozzarella manufacturing.
The permeate consisting of water and most of the monovalent salts can be
recovered in a clean solution that can be added back to the cooking system.
The retentate consisting of water, lactose, fat, protein and the rest ofthe salts
can then be further processed with the rest of the plant's whey.
C. Plant CIP Systems
Solids in the initial rinsings of CIP operations are usually sent down the drain
and can account for the majority of the BOD in plant waste streams.

•

By incorporating double seat valves in the process piping, CIP rinsings can be
routed to a solids recovery system without making physical disconnects in the
process piping. By eliminating these physical breaks, milk solids are not lost
by being dumped on the process room floor. Solids recoveries can then
become an inherent part of plant operations that can be controlled by the plant
automation system without the dependence of extensive operator involvement.
After milk solids are cooled and stored in the recovery tank they can be
further processed or added back directly into the raw silos or evaporators as
discussed earlier.
The chemicals used in CIP operations are not only expensive but may require
further treatment by the plant to fall within the pH ranges acceptable to the
local municipal waste treatment facilities. This could mean adding acids to
lower the pH of the effluent during the dumping of caustic wash tanks and
adding caustics to raise the pH when acid solutions are dumped.
Cleaning solutions from single use CIP systems, evaporator CIP, and/or from
reuse CIP systems that would normally be dumped down the drain can be
collected to recover unused chemicals.
Chemical Recovery System Overhead

•

A nanofiltration system can remove suspended and soluble solids to provide a
clean permeate that can be used as make up for reuse CIP systems. In single
use CIP systems or in HTST or evaporator CIP, the recovered solutions can be
adjusted to the proper concentration to be reused the next day .
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Fig 1: Example of the function of an APV CIP chemical recovery sy,\·tem .
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The retentate that consist of the concentrated sludge can be discharged down
the sewer or hauled out for land spreading. An alternative is an additional
diafiltration step where water is added to the retentate. This washes the salts
from the sludge so the retentate can be used as animal feed.
D. Other Areas for Solids Recovery
Lactose is the largest contributor to COD in plant effluents.

(COD Values- Overhead)
Cheese manufacturers should look at recovering as much lactose as practical
in whey processing systems specifically in Crystallizer CIP operations. This
can be done utilizing double seat valves and extended rinses. These solids
could then be bled into the whey stream to the evaporator.
The whey dryer and fluid beds also offer opportunities for solids recovery
during clean-up operations.

•

Utilizing a central vacuum system and bag filter prior to pre-rinsing and to
clean up spills (particularly around the bag filler) prevents product from
entering the plant waste stream. This product can be used for animal feed,
sent out for land spreading, or simply disposed of as solid waste at the landfill.
Initial rinsings of the dryer during CIP can be processed as discussed earlier
and sent back to the evaporator.
E. Management Philosophy
Management philosophy regarding the importance of solids recovery in plant
operations will have the largest return on investment than any of the capital
technologies that we have discussed so far.
Supervisors and operators need to understand and be constantly reminded of
the impact of product and chemicals going down the drain.
Supervisors and operators are probably already aware of the areas in the plant
operation that provide the biggest opportunities for solids recovery with little
or minor capital investment. Plant management should tap into this resource
whenever they consider pursuing a solids recovery project.

•
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•
Whole milk

Substance
Fat
Protein
Lactose
Total
approx.

•

Skimmilk

Whey

Content mg COD/ Content mg COD/ Content mg COD/
mg/1
kg
mg/1
mg/1
kg
kg
40,000
34,000
46,000

120,000
46,000
52,000
220,000

400
34,000
47,000

1,200
46,240
53,110
100,000

400
10,000
47,000

1,200
13,600
53,110
70,000

COD values and thus the "pollution degree" of whole milk, skim milk,
and whey

•
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IV.

Conclusion
Many of you in the audience are already familiar with some, if not all of the solids
and chemical recovery technologies discussed here. If these technologies were
already in widespread use in cheese manufacturing today, it would not have been
chosen as a topic for this conference. Many cheese manufacturers have yet to
implement a comprehensive solids recovery program for a variety of reasons.
We in the United States have been blessed with an abundance of natural resources
that have allowed us to be wasteful but remain competitive. With the
environmental and regulatory issues and the sizes of cheese plants today, Cheese
Manufacturers can no longer ignore the impact that an inadequate recovery
program can have on its competitiveness and its bottom line.
Cheese Manufacturers need to recognize that technologies need to be tailored to
each individual facility since cheese type, local waste and environmental
situations, and regulatory agencies vary.

•

If you look at the cheese industry in the rest of the world, it is not difficult to
come to the conclusion that solids recovery technologies that are just being
introduced in the United States today will become just as much a part of plant
operations as whey utilization has become in the last fifteen years.
The solids recovery and chemical recovery strategies that Cheese Manufacturers
pursue need to recognize the fact that when collected and reprocessed, recovered
solids and chemicals have double the impact on the bottom line. When sent down
the drain, they simply become a cost of manufacturing .
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•
ABSTRACT

•

This study examined waste management from selected dairy processing plants located in
New South Wales, Tasmania, Victoria and Queensland, Australia. Selected facilities were visited
for one half to one day. There were many waste treatment and final disposal methods that were
successful for the selected plants and these are discussed in the general summary. Potential
problems were also noted and listed in the "common problems and approaches for their solution"
and "conclusions" sections. Briefly stated, the major problems were how to deal with nutrients
and salt, sludge management, getting and sharing information and sustaining a good public image .

•
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INTRODUCTION
Agricultural processing including dairy processing creates large quantities of wastewater
containing relatively high concentrations of organic matter, nutrients and occasionally salts.
Australian dairy processors have had to cope with increases of 10%- 15%/yr in milk production
over the last four or five years and the future looks bright indicating continued large increases in
milk intake. The industry has a strong commitment to the environment and has devoted
significant resources to proper reuse or disposal of all wastes. The rising costs of waste treatment
and the problems with growth has made waste minimization/management a priority issue with
many Australian dairy processing companies. Even the medium sized dairy processing plants may
spend into the millions of dollars/yr on waste treatment capital, operation and maintenance costs.
The goals of the project were to collect and share information on dairy processing plant
waste management systems with dairy processing companies, to identify problems and to discuss
with them how they were going to solve their problems. There was also an attempt made to
identify knowledge gaps which they or their consultants had not been able to determine.
The approach was to visit selected dairy plants that would give a broad representation of
waste management issues. This meant visiting plants that manufactured a broad range of dairy
products and that utilized the various types of waste treatment common to Australia. All plants
had some type of on-site pretreatment which may have been as rudimentary as pH adjustment.
Some disposed of partially treated wastewater by land application either on-site or through
•
agreement with local farmers and others by disposal to municipal waste water treatment plants.
Dairy Processing plants were selected for visiting in cooperation with the Dairy Research and
Development Corporation (DRDC) of Australia. Plant visits were made from the first part of
September, 1995 through February, 1996.
Gaining Access
Professor Hansen, the outside consultant (OC) in this study, asked the DRDC to identify
plants to visit that would best represent the industry all over Australia but that could be visited
within the time frame of his visit.
Sharing Experience
The Australian dairy industry is a modern up-to-date industry. It is unlikely that anyone in
the world is going to be able to offer them a process or formula that will make a quick and
spectacular difference in the way they do their day to day business. The value of the OC's visits
was more in having an outsider analyze their operation and to take a few hours to talk about waste
management and plan for the future. He has tried to outline the essence of these discussions in
the general summary section of this report.

•

•
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GENERAL SUMMARY

Cordiality of Dairy Company Administrators and Workers
The reception given to the OC was extremely warm and cooperative. The OC was left
with the feeling that the various dairy companies in Australia want to do the best they can to
protect the environment, operate as a sustainable industry and be a good neighbor. All efforts
were extended to meet the OC' s schedule. He was not turned down on any requests to visit a
plant even though they often had to comply with his time constraints. He was privileged to visit
waste treatment facilities at every plant where he requested it. In some cases, things that were
seen or heard could be construed to be confidential and will not be given in this report.

Synopsis of Visits

•

•

Baby Formula. Cream Cheese and Butter Plant: Discharge to a Publically Owned Treatment
Works (POTW) with Minimal Pretreatment
This plant could process 1.2 Ml milk/day 1• The BOD of their effluent was 4000-6000
mg/1; fat, oil and grease (FOG) was about 200 mg/1 after pretreatment with a rotating "rope"
type of skimmer. The plant has spent significant amounts of money to improve the waste
collection system i.e. sewer pipes for the plant and the council that accepts their effluent. The
plant also installed equipment to adjust pH and temperature; if necessary, before waste was sent to
the POTW. In order to do this, a holding tank was built which retained their wastewater for a
few hours before it was sent to the POTW. Many water authorities will ask dairy processors to
adjust pH of waste to be alkaline and sometimes as high as 11 or 12 to avoid having the pH of the
waste fall into the acid range in transit to the POTW. Acidic wastewater may damage cement
sewers. The POTW receiving this dairy processing plant's waste consisted of mechanically
aerated, naturally aerated and anaerobic lagoons. The POTW lagoon effluent was disposed of by
evaporation, lagoon leakage and irrigation of a 25 ha tree lot.
The method of removing fat at this processing plant was a rope skimmer which is a tube
that hangs into a holding tank and rotates through it. This device was purchased through R&H
Industrial Services, Sydney, NSW, Phone 02-534-6380. Oil clings to the tube which is passed
through a constriction band near the drive motor and pulleys. The band scrapes oil off the tube
and the oil drips into a trough and is carried away in a stainless steel pipe to storage. During the
winter, there were problems with oil congealing in the pipe that ran to storage. This was solved
by installing heating tape on the pipe. The skimmer was working in January, 1996, and was
observed to reduce fat in the plant's effluent, but the company did not have specific data that
would allow calculation of efficiency in oil removal. The plant was also trying to do in-plant
modifications to minimize oil released to the sewer. This included considering separating oil from
the first rinse of the continuous butter makers. The fat from the skimmer was of high quality .

1

Multiply Ml of milk by 2.2 to determine millions of pounds of milk processed. For
example, 1.2 Ml of milk/day is equal to about 2,640,000 lbs milk/day.
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Eventually, the company found a renderer that would accept the fat providing it was clean and
delivered regularly so that free fatty acid concentration was low.
Cheddar and Mozzarella Cheese Plant: On-site Treatment: Ultra Filtration Removes Nitrogen and
40% of Minerals from Whey. Aerated Lagoons Followed by Irrigation
This plant could process 3.5 Ml of milk/day. In the winter, milk intake dropped to 1.5 Ml
milk/day or less. Some of their whey was demineralized by ultrafiltering and drying the retentate.
Their UF removed 40% of minerals; they did not know if any particular mineral was removed
more effectively than another, i.e. if moreNa was removed than Ca. The BOD of the non-whey
wastewater was 1,500-2,000 mg/1. They estimated fat and protein dropped by 70% due to inplant changes and mostly due to UF. Water usage had nearly stayed the same during a doubling
of plant production, again because of in-plant improvements.
The company used a combination of aerated lagoons and land application to treat their
wastewater. The land application area was owned by the company and was 570 acres in area,
located 7 km2 from the factory. The lagoon system was near the land application area and
consisted of three lagoons in series with the first two having some aeration with most aeration in
the first lagoon. They used surface, slow speed aerators. Wastewater came from the lagoons at
about 700 mg/1 BOD. They did not clarify (remove suspended solids from) lagoon effluent so it
can be assumed much of the effluent BOD was in the form of biological solids. However, the
redox potential on the day of the visit was extremely low (about -600) and they could not measure
dissolved 0 2 because 0 2 levels were below sensitivity of the DO meter. This indicates that the
lagoons were not operating properly. The HRT was long enough, but the aeration capacity was
obviously not great enough. The company planned to buy more aerators the next year. Odor
from the lagoons was not a problem. They did a good job with odor control and the farm that
was irrigated with wastewater appeared productive. They removed nutrients as a hay crop on at
least part of the farm. EC's in the effluent were in the 2500+ range. This is a dangerously high
concentration for sustainable agriculture. Apparently, they have a lot of sodium in their effluent
and will have to address this problem to maintain productivity on the wastewater farm.

•

Cheese and Market Milk Plant: Some On-site Treatment. Whey is Sent to Piggery
The plant processed about 135-140 Ml milk/yr (0.37-0.38 Ml/day). About 10% of this
went into market milk, the rest was made into cheese. They made bulk and sliced cheese. The
company affirmed the BOD in the effluent from plants that slice and package cheese was
significantly higher than that from their bulk cheese plants with similar throughput. Whey from
this plant was fed to hogs. There were several large piggeries located close to the plant and whey
was piped to some and trucked to others. There had been no complaints from the pig farmers.
Cheese waste other than whey was land applied. Pretreatment consisted of a settling tank
converted to a dissolved air flotation (DAF) unit. It was not a conventional DAF, air was
introduced via an "add on" device. The aeration device consisted of forcing air down a pipe

~o convert km to miles, multiply by 0.62. For example, 7 km is equal to about 4.3

miles.

•

•

•
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placed from the top of the water level down into the tank. At the bottom of the pipe was a
rotating cylinder which dispersed the air into the tiny bubbles needed for flotation. This device
was purchased through Patrick Charles Ltd, Sydney, NSW, Phone 02-99552001. They did not
analyze influent and effluent from this device to know how well it was working, but claimed it
removed a significant amount of FOG. They had permission from the local environmental
regulatory agency to bury sludge from the DAF in on-site pits.
The ground on the waste farm had obviously been abused and in recent years would not
grow crops. The present farmer had done a good job getting a crop on most of the farm. He
claims he did it by improved leveling of the farm which improved dispersion of the irrigation
wastewater and helped to prevent the wastewater from standing. He had also mixed the
wastewater with channel water. He was growing salt tolerant crops such as barley and rye grass.
The plant had plans for future expansion and bought a farm for wastewater application 13
km from the processing plant. The new farm was to feature tail water recycle so no wastewater
would be allowed to leave the farm area. They were trying to get permission to pump winter
surface runoff to a river which flowed close by.
Powdered Milk. Sweetened Condensed and Condensed milk. UHT milk and Cream: On-site
Secondary Treatment: Direct Disposal of Effluent to Inland Waterway
The plant processed between 1.4 Ml milk/day to 0.5 Ml milk/day in the winter. This
plant had a well designed activated sludge wastewater treatment system. The activated sludge
process involves primary clarification, aeration tanks and a final clarifier which recycles settled
sludge back into the aeration tanks. The effluent from this wastewater treatment facility was
generally less than 20 mg/1 BOD and SS respectively. Discharge was to a drain channel, thence
to a river.
The activated sludge process is common in communities in the United States, but it is often
more costly to build and operate than land application systems and is not commonly used in the
Australian Dairy Industry. This might be a good alternative when suitable land is not available
for land application. There are other advantages to this system. Once a permit is obtained and as
long as the company operates within permit limits, they can be relatively independent of the local
council, water authority and other regulatory agencies. Another advantage of a well designed
plant is the flexibility to manage the plant to remove nitrogen through the
nitrification/denitrification process. This wastewater treatment facility was removing up to 95%
of nitrate N by reducing aeration at two places in the process. Denitrification also occurred in the
final clarifier. Biological uptake of phosphorus can also be enhanced in an activated sludge
system, but the process is not as straight forward as for N removal. This plant was removing
about 50% of phosphorus, but this was not enough for disposal into inland receiving waters. The
plant will eventually have to conform to stricter limits on P. While they did not know exactly
what that would be, it was assumed it would be ~ 1 mg/1 P in the effluent. Any permits for
discharge of effluent to an inland waterway in Australia is likely to be very strict on nutrient and
Na in the future because of Blue Green Algae blooms and salinity concerns. The company had
reduced nutrient and Na in the wastewater by in-plant modifications. P comes mostly from
cleaning chemicals and much can be done to reduce or replace chemicals or recycle them with
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membrane filtration. The plant planned to use tertiary treatment (chemical removal) to meet
effluent nutrient limitations if in-plant modifications were not enough.
Two days previous to the visit, they had a spill of 8000 13 of condensed milk in the
processing plant. They were able to assimilate this shock load by increasing aeration and careful
control of mixed liquor suspended solids concentration in the aeration basins.
Powdered Milk: On-site Secondary Treatment: Disposal of Effluent to POTW Thence to Ocean
The processing plant capacity was about 1 Ml milk/day. The wastewater stream was 1.2
Ml/day, containing 1,500 kg4 BOD. This plant was building an activated sludge wastewater
treatment facility at the time of my visit. The company had been disposing of untreated
wastewater to the local POTW which dumped it into the ocean without treatment. This was to
stop when a new POTW came on line in early 1996. The dairy processing plant would have
incurred sewage charges of 1.5 million dollars (Australian)/yr after the new POTW started
operation, unless they pretreated wastewater.
The waste minimization achievement at this plant was exemplary. In-plant modifications
reduced BOD from 3,200 kg/day to 1,500 kg/day. One of the changes they felt was especially
beneficial was to utilize milk from startup and shutdown of the evaporators. Previously, this "out
of specification" milk produced as the evaporators were coming on line or shutting down was
dumped into the sewer. By installing holding tanks, partially concentrated milk was captured and
fed back into other factory streams so that the final product stayed within specifications.
Since treated waste was disposed directly into the ocean, nutrients and salt may never be a
problem. Secondary biological treatment may be an attractive method for treating dairy
processing waste containing high concentrations of sodium when treated waste is disposed in the
ocean because sodium limits should be liberal for ocean disposal.

•

Mozzarella. Cheddar and Ricotta Cheese. Skim Milk and Whey Powder: On-site Treatment in
Lagoons. Final Disposal by Irrigation
The plant processed up to 1.4 Ml/day with a total of 268 Ml/yr. The minimum milk
throughput was 331,000 1/day.
Dairy processing wastewater was treated on-site in three lagoons with a total surface area
of 68 Ha5 • The lagoons appeared to be facultative, but data on dissolved oxygen was not
available. Lagoon effluent was land applied on a 53 hectare paddock grazed by cattle. In the

3

To convert liters to pounds, multiply by 2.2. For example, 8000 1 is equal to about
17,600 lbs.
~o convert kg to pounds, multiply by 2.2. For example, 1,500 kg is equal to about

3,300 lbs.
sro convert hectares to acres multiply by 2.5. For example, 53 hectare is equal to
about 133 acres.
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year previous to the OC's visit, they had started irrigating private farm land close to the plant's
lagoons.
This wastewater treatment facility featured very healthy lagoons. The plant was unlikely
to have problems with waste management in the near future. The only possible problem was that
lagoon two (lagoons were in series) and a lake were only separated by about a 10 meter6 rocky
berm with the lagoon having higher hydraulic head than the lake. There was no doubt that some
water would seep from the lagoon to the lake, but the local town also had its POTW very close to
the lake and an abattoir discharged into the lake, therefore it would have been difficult for the
local regulatory authority to blame the milk plant for degradation of the lake. The first lagoon
was designed to be anaerobic, but there was a healthy growth of algae in the lagoon and very little
odor. They tried to convince a local golf course to accept waste and were unable to. The DRDC
might be able to help dairy plants in situations similar to this one through public education via
vehicles like seminars and publications to convince farmers, public officials and common citizens
that dairy processing waste is not hazardous and if applied correctly to land, it is beneficial.
Fluid Milk Only: On-site Primary Treatment with DAF: Disposal of Effluent to POTW
The plant had a capacity of about 2 Mllwk or just less than 300,000 1/day. The only
source of waste was from cleanup and spills. They used a DAF plant and added polymer and
flocculent, but did not know the efficiency. BOD of wastewater leaving the DAF was usually just
less than 1,000 mg/1. Since the company did not have performance data for the DAF, it was not
possible to give much help to improve DAF effluent other than to talk in generalities of what a
DAF is capable of, which is up to 50% removal of BOD and 90% removal of FOG. This was
one of those times when a plant would benefit from having more information on the efficiency of
a given waste treatment process.
This plant considered sludge disposal as their most serious waste related problem. A
company near Sydney, Applied Soil Technology, collected DAF sludge at the plant, transported it
to a site and injected it 6-10 em into soil. It cost $100/tonne7 to handle the sludge; they produced
3.5-4 tonnes/day.
Cheese. Deionized Whey Powder: On-site Treatment in Lagoons Final Disposal by Irrigation Well Instrumented Plant
This plant is similar in product mix and method of disposal to another previously included
in this report, but it features some very innovative treatment technologies that need to be
mentioned. The plant could process about 2.5 Ml milk/day and produced 4 - 4.5 Ml
wastewater/day. The plant excelled in many areas of waste management that might be beneficial
to other plants.

•

~o convert meters to feet, multiply by 3.3. For example, 10m is equal to about 33

feet.
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A metric tonne is equal to about 2,200 lbs or just slightly larger than a British ton.
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Through in-plant waste minimization they reduced BOD in their waste from about 22,000
kg/da to 8,000-9,000 kg/day. The person in charge of waste management at the plant felt that
instrumenting the plant to reveal where waste was being generated helped a lot. They installed
sampling access points for different areas of the plant and have flowmeters (V notch weirs) and
flow proportional samplers set up at each point. They planned to install turbidity meters at the
sampling locations. They had tried electrical conductivity sensors, but said they didn't feel they
got much useful information out of those. They tested for COD and solids frequently and for salt
and nutrients (at least P & N) weekly. Wastewater data was sent to a central computer and
workers were assigned to monitor it almost constantly. The data that was collected helped them
find serious problems, such as leaking pipes and how to avoid major spills. They also identified
and addressed less serious problems and processing changes that were needed to reduce waste and
thereby increase yield. The managers in charge of the various areas were notified and could be
electronically paged if a parameter suddenly increased beyond what the people manning the
central computer expected to see.
The company segregated waste steams and sent those with a high salt concentration to a
small aerated (45 horsepower total) lagoon and thence on to evaporation ponds where they
claimed 0.3-0.4 Ml water was evaporated per day. The increasingly concentrated salt solution
was directed though various ponds until it reached saturation in the final pond where salt was
precipitated out, collected and reused. The salt was mostly Sodium Sulfate. The Univ. of
Newcastle had developed a process which the company has adopted to use the reclaimed sodium
sulfate to make sodium hydroxide (NaOH) and sulfuric acid (H2S04) to recharge the ion exchange
resin used to demineralize whey at the site.
Waste streams containing organic matter and a minimum of salt was discharged to aerated
lagoons. They had 283 HP of aerator capacity on the lagoons. Aeration costs were $300,000/yr.
Estimated HRT in the lagoons was > 10 days. Lagoon effluent was pumped though an oxidation
ditch, thence used to irrigate a company owned farm. The farm soil was sodic, but the company
had a management plan to keep the farm productive and the disposal scheme sustainable. The
company has over 400 ha that could be developed into a waste farm. Part of the farm had been
laser leveled and channels installed to make irrigation easy. Plans were to completely automate
the process so that irrigation could be scheduled and managed from a central location. Tailwater,
the portion of irrigation water not used by the crop or infiltrated into the soil was captured and
mixed with the partially treated wastewater coming to the site. Sampling bores and piezometers
were located in a grid pattern around the site. A data cable to facilitate automation was installed
along side the pipe bringing secondarily treated effluent to the site. Subsurface drainage has been
installed in some of the paddocks to provide data on whether or not subsurface drains are
necessary or even helpful in this particular wastewater irrigation scheme.

•

COMMON PROBLEMS AND APPROACHES FOR THEIR SOLUTION
•

Recycle and disposal of nutrients and salt

In general, environmental laws have become stricter and dairy processing plants have had to
expand rapidly due to a large increase in Australian milk production in a relatively short time.

•
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The methods these plants have used to treat waste, which was often to apply it to a few hectares
of paddock near the plant or to send the waste untreated to a local POTW are no longer
acceptable. The "waste farms" or small POTW's can no longer assimilate the nutrients or salt
and/or the large quantities of water used by the larger plants.
Approach to solve problem:
In-plant-minimization is the best approach to take for nutrient management. Cleaning
chemicals add a lot of nutrient to wastewater and plants need to take some effort to reduce their
use. One plant experimented with reducing chemical usage until it was barely enough and saved
significant money by not buying chemicals and reducing the amount of chemical to be disposed.
Another plant reported using cleaning solutions more than once and finding they still cleaned
satisfactorily. Plants have reclaimed caustic and other cleaning solutions using membrane
filtration. There is a new sintered stainless steel membrane that can take temperatures up to
100°C and pH's over the entire range.
The nutrient and salt disposal problem is not an easy one and requires additional research and
development as outlined in the report section entitled, "Knowledge Deficiencies". Nitrogen can
be changed to a gaseous form via biological nitrification/denitrification and safely released to the
atmosphere. Other nutrients such as phosphorus and salt can be removed from wastewater and
concentrated, but the total mass is the same as that which was brought into the plant and they must
be disposed of in an environmentally friendly way. Land application or utilization as a fertilizer
according to plant agronomic needs is the best approach. It is recommended that a company hire
a consultant to handle nutrients and salt. Even biological methods of concentrating nutrients are
not well outlined for food processing waste and more research is needed. Plants that are fortunate
to be located near the ocean generally do not have a problem with nutrient or salt disposal, but
even there, the laws are becoming more strict.
•

Lack of in-plant data for plant managers to make the best decisions on waste treatment
a. How much product is being lost, where and how? Plant personnel often cannot say how
much product was lost in a particular area of the plant or how much water and chemical
was used for a particular process in the plant. Some do not compare input in raw material
to processed product output or bother to calculate and compare with previous months or
years how much water was used per unit mass or volume of product processed.
b. What are costs and efficiency of unit treatment processes or waste minimization schemes?
Companies will have figures for things charged to waste treatment, but cannot give unit
details such as how efficient and costly a particular lagoon is in a series of lagoons or the
effectiveness and cost of changing pH before the DAF unit. They may have efficiencies of
removal for some pollutants like BOD, but not for other key pollutants such as Na, Nor

P.
•

The causes for this lack of knowledge include that no meters or sensors are installed and of
those that are, many are out of calibration or broken. Another common problem is that many
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plants are relatively old and have been added onto. People have forgotten where water lines go
and which sewer lines service which areas.
Approach to solve problem:
The cure is not difficult. Plant managers need to insist that sensors and flowmeters are
installed, calibrated and cleaned. Plants that have installed sensors, flowmeters and video cameras
are pleased with the results. Knowledge gives plant managers the means to identify problem areas
and make wise decisions on waste minimization and management and where to spend money on
technology that may save huge amounts of money and community good will. Accurate flow
meters are not expensive and usually do not have to be read more than once per day to get the
necessary information. Sensors are also affordable. A plant will need to map sewer lines and
identify points where meters or sensors can be placed and samples taken if necessary, but samples
and complete readings of process parameters do not necessarily have to be taken frequently. Once
a process has been characterized, key parameters need only be checked infrequently unless the
process is being studied or has changed. Video cameras can be installed for around $5,000 which
are programmed to take intermittent snap shots. Plant wastes streams for a 12 hour overnight
period can be reviewed by watching 10-15 minutes of video the next day. Plant managers report
significant reductions in BOD, water and chemical usage by closer monitoring of the plant. When
the data is available, it often pays to display it and encourage area managers to improve their area
of stewardship.
•

Lack of information to make rapid, wise decisions on waste minimization/treatment systems,
equipment and unit processes

•

Plant managers are too often placed in a situation of being reactive to a crisis on waste and it
is not clear where to get unbiased, information quickly on various waste management alternatives.
Selection of a given process or piece of equipment sometimes depends on who can guarantee
results regardless of cost.
Approach to solve problem:
Some dairy companies have very good consultants working nearly full time for the plant
and/or a full time staff that handles waste management issues. But regardless of the resources
available, dairy companies need to be proactive and spend enough time talking to regulatory
agencies to be able to forecast the future scenario in waste issues as they do with products and
markets. Then the companies will have time to test equipment and run pilot tests to know what
processes will be best for them when they have to buy them.
•

Sludge disposal

Primary treatment separates organic matter such as dairy fat and protein and miscellaneous
debris from wastewater and concentrates it in sludges. The sludge contains nutrients and salt from
milk and cleaning chemicals. Biological treatment systems convert dissolved organics such as
•
lactose and sucrose into particulate matter (microorganisms) and this adds considerably to the

•

•

•
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mass of sludge from biological wastewater treatment. Aerobic treatment will commonly convert
about 17% of BOD to sludge, whereas anaerobic treatment conversion will be 2-10% of BOD,
but generally around 3%. This means that for every 1,000 kg of BOD removed from wastewater
by aerobic biological treatment followed by a clarifier, 170 kg of dry material is formed. If the
sludge containing 170 kg dry matter is 80% moisture it will occupy about 500 1 (0.5 m3) 8 volume.
Sludge will usually contain 45-97% water depending on the method used to collect and thicken it.
A sludge containing 5% solids can be pumped easily. At around 45% solids, a dairy processing
waste sludge might be handled as a solid, but the characteristics of sludge will depend on a
number of factors too numerous to mention here.
Approach to solve problem:
a. Concentration:
While concentrating a sludge does not solve the problem of final disposal, it can lesson the
impact of handling or storing the sludge. There are often advantages to concentrating sludge.
Concentrating a sludge that contains 1% solids to 5% solids will reduce volume five fold, so there
is much less to transport. If a sludge contains a large amount of nutrients like P and K and is
relatively low in Na or the Na can be offset somewhat with Mg and Ca (this can be expressed as a
small sodium adsorption ratio (SAR)), it can be valuable as fertilizer by concentrating it. There
are many ways to concentrate sludge. First, the manager of the waste management facility can
operate unit processes such as a DAF, IAF or a clarifier to get as thick a sludge as possible. The
use of polymers and other chemicals such as Ferric Chloride can help by altering surface charge
on particles or by interparticle bridging (polymers). To use chemicals effectively, testing of the
waste by a consultant or company trained in this area is wise and sometimes pilot studies need to
be run. Once an expert recommendation has been made, it may be worthwhile to cautiously
experiment on dosage especially when the flowrate or BOD of the waste changes significantly.
Chemicals can be very expensive and it pays to find optimal chemical usage. After sludge is
collected from a waste treatment unit process there are many ways to further thicken it. Those
methods that have some promise for dairy processing waste are given in the Table below.

~o convert cubic meters to cubic feet, multiply by 35.3. For example 0.5 m3 is equal

to about 18

re.
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Slutge
d Concentrat10n Method s

Method

Advantages

Disadvantages

Sludge
lagoons &
drying beds

Low energy consumption
Low capital cost where
land is available
Low skill level for
operation
Water will evaporate in
drier climate
No chemical addition

Potential for serious odor
problems - sludge has to be
stabilized.
Potential for groundwater
pollution
May be unsightly
Sludge removal may be difficult

Gravity belt
thickener

Simple to operate - sludge
is distributed on a moving
porus belt and water drips
through the belt.

Solids content in final product is
about 5%

Vacuum filter

Not complex- basically
vacuum is applied to a
gravity belt to help move
water through belt
Low maintenance
requirements

High energy consumer
May not work on dairy
processing waste - pilot test is
essential.
May require full time operator

Rotary drum

Simple to operate

Solids content in final product is
about 5%

Centrifuge

Clean appearance
Minimal odor problem
Easy to install
Flexible in meeting process
requirements
Can get a high solids
concentration - close to
allowing handling as a solid

Centrifuges have often required
high maintenance and skilled
personnel are required for this
maintenance
High energy consumer
Relatively high capital-cost-tocapacity ratio

Belt filter
press

Not complex - two belts
squeeze sludge between
them and force water out
Low energy requirement
May produce dry cake that
can be handled as a solid

Requires skill and chemical
addition to make it work on
dairy processing waste sludge
Very sensitive to incoming
sludge feed characteristics
May require full time operator

•

•

•

•
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b.

Final disposal:
Much of what was said about nutrient handling can be applied to sludge disposal. Some areas
of Australia have commercial companies that will dispose of sludge by soil injection. Land
application via soil injection is a good option, but permits may be required and a significant
investment in equipment.
Anaerobic digestion of sludge has long been used to reduce sludge volume by converting the
organic matter in sludge into gaseous C02 and CH4 • This can also be done to some extent by
aerating sludge for a relatively long time. One plant stabilizes sludge by aerating it over 20 days.
Using either method will stabilize sludge eliminating offensive odor and making it easier to handle
when land applied. Stabilized sludge might even be marketed as a "biofertilizer". There is a
general lack of knowledge about food processing sludges and research in this area is justified.
Options used for sludge disposal from municipalities are incineration, land filling and ocean
disposal. None of these are likely to be very attractive to the dairy industry because of cost or
possible environmental damage.
CONCLUSIONS
I.

•

The Australian dairy processing industry has had to deal with major waste management
problems because of a dramatic rise in milk production over the last few years. The industry
has done extremely well handling all the problems associated with the increased milk
production and should be commended.

IT. The quantity of dairy processing wastewater being produced has created crises at many sites
because it has overloaded the capacity of dated wastewater treatment systems.
a. Companies need the latest information on how to get rid of water on land without
damaging crops, soil or groundwater.
b. "Inland" plants seem to have a greater problem with wastewater disposal. Due to selective
politics or for whatever reason, there is beginning to be an attitude of "zero discharge" or
no discharge off-site. Near the coastline, it is generally easier to dump treated waste into
the ocean.
III. Companies have had to devote considerable resources to deal with nutrients and other
chemicals including; N, P, K, Na and Cl. There is a need for additional research to develop
technology to manage nutrients and salts more inexpensively and yet efficaciously

•

III. It is often difficult for dairy companies to get unbiased information on waste management
when they need it and they are not able to do the most economical thing when it comes to
wastewater treatment because they are in a situation of having to do something immediately.
There needs to be better lines of communication between companies on waste issues and the
industry needs to cooperate more in solving waste management problems that are common to
everyone.
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IV. Waste management is now a major concern and cost to dairy processing plants in Australia.
In order to remain competitive in world markets, they must have the latest information on
waste management technology. Where the technology is not available, there needs to be
research to find a benefit from materials that are now considered waste, to solve problems
that are unique to Australia and to find ways to minimize the cost of good waste treatment .

•
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INTRODUCTION
Conjugated linoleic acid (CLA) is a collective term to describe one or more
positional and geometric isomers of linoleic acid (cis-9, cis-12 octadecadienoic acid).
The chemical structure of linoleic acid and CLA are shown in Figure 1. Conjugated
linoleic acid occurs naturally in foods, however the principle dietary sources are dairy
products and other foods derived from ruminant animals (Chin et al., 1992). The
concentrations of CLA in foods are generally expressed as milligram of CLA per gram of
fat. The CLA concentrations in common foods are given in Table 1. Most of the dairy
products ranges from 3 to 9 mg CLA/g of fat (Chin et al., 1992 and Lin et al., 1995).
Meat products from ruminants contain higher amounts of CLA compared with nonruminants (Table 1). Turkey, which has an extensive hind gut fermentation, has meat
with intermediate CLA concentration.

---

Figure 1. Chemical structure of linoleic acid (cis-9, cis-12 C 18,2) and conjugated linoleic acid (cis9, trans-11 Cts:z).

Table 1. TheCLA content of common foods (mwg of fat).
Foodstuff
Total CLA
Food stuff
Total CLA

•

Dairy products
Homogenized milk
Condensed milk
Butter fat
Mozzarella cheese
Plain yogurt
Ice cream

4.5
7.0
6.1
4.9
4.8
3.6

Meats
Ground beef
Lamb
Pork
Chicken
Salmon
Ground turkey

4.3
5.6
0.6
0.9
0.3
2.5

Recently CLA has been shown to have anticarcinogenic and antioxidative .
properties. In animal experiments, CLA inhibited 7,12-dimethylbenz[a]anthracene
(DMBA)-induced mouse epidermal tumors (Ha et al., 1987) and benzo[a] pyrene-induced
mouse forestomach neoplasia (Ha et al., 1990). In mice, DNA-adducts, formed in a
number of organs after administration of the grilled-beef hetrocyclic amine 2-amino3methylimidazo[4,5-f] quinoline (IQ), were inhibited by CLA (Zu and Schut, 1992).
Feeding CLA also protected against IQ-adduct formation in the rat colon, and the number
of aberrant crypt foci per colon were markedly inhibited (Liew et al., 1995). Feeding
CLA two week before DMBA administration and continuing for 9 weeks resulted in a
significant reduction in tumor incidences compared with control (Ip et al., 1991). In
another study, as little as 0.05g CLN100 g of diet caused a reduction in the number of
mammary tumors (Figure 1; lp et al., 1994). In subsequent study, lp et al. (1996) showed
that inhibition of mammary tumors by CLA was not influenced by the amount and type
of fat in the diet.

•

Influence of synthetic CLA on Incidences of
mammary tumors In rats (lp et al. 1994)
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Figure 2
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Mechanisms by which CLA influences carcinogenesis are not well understood.
Some researchers have suggested that CLA may act by antioxidant mechanisms (Ha et
al., 1990 and Ip et al., 1991), pro-oxidant cytotoxicity (Schonberg and Krokan, 1995) and
reduction in proliferation activity (lp et al., 1994).

The cis-9 and trans-II isomer of CLA account for 82% of the total CLA in milk
and milk products (Chin et al., 1992). Typical consumption of CLA by humans is lower
(on an equivalent BW basis) than the dose that has been shown to be effective in reducing
tumors in animal models (lp et al., 1994). Intake of CLA can be increased either by
increasing the consumption of foods of ruminant origin, or by increasing the CLA content
of milk and meat. The latter approach is more practical.
Increasing CLA content ofmilk has the potential of increasing the nutritive and
therapeutic value ofmilk.
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DIETARY INFLUENCE ON CONJUGATED LINOLEIC ACID CONTENT OF
MILK
Six experiments were conducted with dairy cows to determine the dietary
influence on CLA content of milk and cheese. Brief description of each experiment is
given below.
Experiment 1
The main objective of this experiment was to study the influence of feeding
additional fat through high oil com grain and com silage (CS) compared with normal
com and CS on feed intake, milk yield, milk composition and milk fatty acid composition
in dairy cows. The objective of this paper is to report on that part of the experiment
relating fat content of com to CLA content of milk fat.
Thirty-two multiparous and 22 primiparous cows were randomly assigned to
either normal com treatment (NC) or high oil com treatment (HOC). Immediately after
calving all cows were fed a diet containing (DM basis): 15.5% alfalfa silage, 12.0%
alfalfa hay, 22.5% CS, 31.5% high moisture ear com (HMEC), 10% soybean meal, 4.6%
roasted soybeans, 2.0% blood meal, 0.2% sodium bicarbonate, 1.0% di-calcium
phosphate, and 0. 7% trace-mineralized salt. Experimental diets were fed from week 3 to
24 of lactation. Cows in the NC treatment were fed normal HMEC and normal CS,
whereas cows in the HOC treatment received high oil HMEC and high oil CS.
The additional dietary fat from high oil HMEC and CS did not alter the milk fatty
acid composition in this experiment (Table 2). Feeding high oil HMEC and CS did not
affect the concentration ofCLA in milk compared with normal HMEC and CS. Average
CLA concentration in the NC and HOC treatments was 3.9 mg/g of fatty acids in milk.
Conjugated linoleic acid is considered as an intermediate product ofbiohydrogenation of
C 18 :2 fatty acid in the rumen (Kepler and Tove, 1967). No change in CLA concentration
suggests that additional fat in the HOC treatment was probably not enough to produce
significant change in milk fatty acid composition, including CLA.
Experiment 2

•

The main objective of this experiment was to measure the impact of grain
supplementation on milk yield, milk composition, milk fatty acid composition, and
reproductive performance of Holstein dairy cows in a seasonal calving and grazing
system. The objective of this paper is to report on the impact of grazing on CLA content
of milk fat.
Fifty-four Holstein dairy cows were randomly assigned before calving to one of
three treatment groups according to the expected calving date. The three treatment
groups differed in the amount of feed consumed in the form of pasture (P), and were:
l/3P, 2/3P, and all P. From early May until the end of September cows grazed a
permanent pasture containing primarily a mixture of blue grass, quackgrass, bromegrass
and white clover. During the grazing season, cows in li3P, 2/3P, and P groups consumed
approximately 1/3, 2/3 or all of their daily feed from the pasture, respectively. The
balance of feed for the l/3P and 2/3P treatments was supplied by a supplement. The
supplement for the 1/3P group contained (DM basis): 25% alfalfa hay, 48.3% coarsely
ground HMEC, 6% soybean meal, 18% roasted cracked soybeans, and 2. 7% of a mineral

3

and vitamin mix. The supplement for the 2/3P group contained (DM basis): 50% alfalfa .
hay, 28.4% coarsely ground HMEC, 18% roasted cracked soybeans, and 3.6% of a
mineral and vitamin mix. Pasture was managed under an intensive rotational grazing
system.

•

Table 2. Fatty acid composition of milk (mg/g of fatty acids) from cows fed diets
containim~ nonnal versus hi~ oil com and com sila~e (experiment 1).
1
Treatment
NC
HOC
SEM
P
Item
CIO:O
30.7
27.1
1.3
0.4
C12:o
41.0
35.2
1.6
0.4
c14:o
130
120
3.0
o.6
c16:o
325
301
9.o
o.7
c16:1
16.8
14.3
o.6
0.2
C1s:o
93
119
4.0
0.2
C1s:1
206
228
6.0
o.5
C1s:2
35.6
36.4
1.3
o.5

CLA2

3.8

3.9

0.3

0.6

C1s:3
7.6
6.6
o.3
o.7
620
602
11.0
0.6
SFA 3
269
UFA4
290
7.0
0.6
5
Others
111
109
4.0
0.6
1
Treatment diets contained either normal (NC) or high oil (HOC) high moisture ear com
and com silage. 2Conjugated linoleic acid (cis 9, trans 11 Cis:z).
4
3
C10:0 + C12:o + CI4:o +C16:0 + C1s:O· C16:I + C1s:1+ C1s:2 + CLA + C1s:3
5
100 minus sum ofC10:0 through C18:3·

•

Milk samples were collected from consecutive a.m. and p.m. milkings for fatty
acid analysis from a subset of 35 cows {12, 11, and 12 cows in 113P, 2/3P, and P
treatments, respectively) during the month of September. Weighted composite milk from
a.m. and p.m. milkings were analyzed for fatty acid composition, including CLA, as
described in experiment 1.
The CLA in milk increased linearly as the amount of pasture was increased in the
diet (Table 3). Cows grazing pasture alone (P) had 150% and 53% more CLA in milk fat
than cows in the 113P and 2/3P treatments, respectively, and 500% more CLA in milk fat
than cows fed diets containing forage and grain in a 50:50 ratio (experiment 1, Table 2).
Long-chain polyunsaturated fatty acids {C1s:2 and Cis:3) are subjected to
biohydrogenation proceses in the rumen (Kepler and Tove 1967). The intermediate steps
for converting C1s:2 to CLA have been suggested by Kepler and Tove (1967). It is not
known if C 1s:3 can be converted to CLA. This study suggests that C1s:3 might be a
substrate for conversion to CLA simply because C 1s:3 is the predominant unsaturated
fatty acid in pasture grass, and it was the pasture dominated diets that supported the
highest CLA content of milk fat.
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Table 3. Fatty acid composition of milk (mg/g of fatty acids) from cows grazing
permanent pasture (Experiment 2).
Treatment
p
Item
113P
2/3P
P
SEM
0.09
ClO:O
21.1
18.0
18.0
1.1
0.2
c12:o
26.0
22.3
23.3
1.3
0.5
cl4:o
94
89
91
3
0.2
C16:o
247
240
251
5
cl6:1
12.3b
13.1 b
17.63
0.6
0.001
0.001
cl8:0
1523
151 3
121b
6
0.12
C1s:1
314
333
326
1
3
cl8:2
42.7
27.1b
14.0c
1.5
0.001

CLA
cl8:3

•

•

8.9c
8.1c
5403
386
74b

14.3b
14.6b
520b
402
78b

22.1 8
20.23
505b
400
95 3

0.9
0.5
7
7
3

0.001
0.001
0.002
0.2
0.001

SFA
UFA
Others
a, ~eans with unlike superscripts within row differ with P as indicated.
1
Cows in l/3P, 2/3P, and P treatments consumed 113,2/3 and all of their daily feed from
the pasture, respectively. The balance of feed for 113P and 2/3P treatments was supplied
by a supplement.
Experiment 3
The main objective of this experiment was to determine the influence of feeding
fish meal (SEA-LAC®, Ruminant-grade menhaden fish meal) and monensin (Rumensin®)
on milk yield, milk composition, and milk fatty acid composition of lactating dairy cows
fed diets containing alfalfa silage. The objective of this paper is to report on that part of
the study relating dietary influence on CLA content of milk fat.
Forty-eight multiparous Holstein dairy cows in two groups of 24 each were
randomly assigned to four treatment groups. The four treatment groups were control (C),
fishmeal (FM), monensin (M), and monensin + fish meal (M+FM). Cows in treatment C
were fed diets containing (DM basis): 55% alfalfa silage, 40% coarsely ground HMEC,
2.9% soybean meal, 1.0% ground dry shelled com, and 1.1% of a mineral and vitamin
mix. Diets for FM, M, and M+FM treatments contained either 3% fish meal (DM basis)
or 250 mg monensin per cow/d or both, respectively. Cows were fed experimental diets
for 12 wks.
Milk samples for fatty acid composition were collected from consecutive a.m. and
p.m. milkings during week 5, 6, and 12 of the experiment. Weighted composite milk
samples from a.m. and p.m. milkings were analyzed for fatty acid composition.
Concentrations of CLA were increased in FM and M+FM treatments compared
with cows in the C treatment (Table 4). The increases in CLA in FM and M+FM
treatments were small compared with increases observed in cows grazing pasture in
experiment 2. Further research is needed to determine the influence of fish oil on ruminal
biohydrogenation of fatty acids, production of intermediate products during this process,
and its influence on milk CLA content.
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Table 4. Fatty acid composition of the milk (mg/g of fatty acids) from cows fed diets
containing fish meal and monensin (Experiment 3).
Treatm~nt

•

c

M+FM
M
SEM p
EM
30.1
28.7
1.2
0.3
29.4
31.7
35.7
1.4
37.7
0.3
39.5
36.7
122
2
0.2
124
120
126
295
6
0.5
294
306
296
15.1
0.7
15.5
0.9
14.9
15.3
102
101
3
0.5
105
106
241
243
6
0.08
224
245
27.0
0.8
0.9
27.1
27.8
27.3
6.8b
5.3b
8.98
0.5
0.001
8.68
CLA
8.9
9.4
0.3
0.3
9.0
8.7
C1s:3
584
0.16
8
586
608
588
SFA
312
311
8
0.1
290
314
UFA
114
113
3
0.4
112
108
Others
a, ~eans with unlike superscripts within row differ with P as indicated.
1Cows were fed either control (C) diet, or diets containing 3% fishmeal (FM), or 250 mg
monensin /cow/d (M), or both (M+FM).

Item
Cto:O
C12:o
cl4:o
cl6:o
C16:1
C1s:o
C1s:1
C1s:2

Experiment 4
The objective of this experiment was to study the influence of feeding either high
proportions of grain or grass hay to dairy cows on CLA content of milk. The grass hay
was harvested from paddocks that were adjacent to those grazed in experiment 2.
Twenty mid-lactation Holstein dairy cows were randomly assigned to four
treatments. The experiment lasted 8 wks. Cows in treatments 1 and 2 were given diets
containing (DM basis): 22.5% alfalfa hay, 22.5% com silage, 36% HMEC, 8% soybean
meal, 9% roasted cracked soybeans, and 2.0% of a mineral and vitamin mix. In treatment
1, alfalfa hay was finely chopped and HMEC was finely ground, whereas in treatment 2,
alfalfa hay was coarsely chopped and HMEC was coarsely ground. Cows in treatment 3
were fed a diet containing (DM basis): 66.6% coarsely chopped grass hay, 16% coarsely
ground HMEC, 11.6% soybean meal, and 4% roasted cracked soybeans. Cows in
treatment 4 were fed diet containing 98.2% coarsely chopped grass hay (DM basis). The
grass hay was made from pasture similar to that used for grazing cows in experiment 2.
The remainder of the diet for treatments 3 and 4 was a mineral and vitamin mix.
Daily feed intake and milk yield was recorded from week 3 through 10 of the
experiment. Milk samples were collected from two consecutive a.m. and p.m. milkings
during week 6 and 10 of the experiment. Weighted composite milk samples were
analyzed for fatty acid composition, including CLA.
Fatty acid composition of milk, including CLA, was not influenced by feeding
finely chopped alfalfa hay and finely ground HMEC compared with coarsely chopped
alfalfa hay and coarsely ground HMEC, except that C 18:3 fatty acid concentration was
higher in treatment 2 compared with treatment 1 (Table 5). Interestingly, grazing
increased CLA content in milk significantly (Experiment 2), however, the CLA content
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in milk remained unaffected when grass from neighboring paddocks was harvested and .
fed as hay at levels of 66.6 or 98.2% in the diets.
Table 5. Fatty acid composition of milk (mg/g of fatty acids) from cows fed diets
containing high grain or conserved forage (Experiment 4).
Tr~atment

•

•

p
1
SEM
Item
2
3
4
21.6b
30.3a
20.3b
27.7a
1.7
0.004
CIO:O
40.0a
35.7a
25.9b
25.9b
0.002
2.3
C12:o
114ab
106bc
102c
121a
3
0.009
Ct4:o
27lb
286b
276b
322a
9
0.004
Ct6:o
17.8
14.8
17.1
20.3
1.3
0.08
Ct6:t
102bc
116ab
92c
123a
6
0.01
Cts:o
265ab
244b
286a
256b
7
0.01
Cts:t
44.8a
41.7a
39.5a
26.1b
2.2
0.003
Cts:2
CLA
7.3
9.0
0.9
0.6
8.3
7.9
6.9d
13.0a
8.5c
10.2b
0.5
0.001
Cts:3
548
12
SFA
579
564
566
0.3
344ab
363a
326b
319b
UFA
10
0.03
110
4
0.02
Others
103
94
90
15
a, • aM cMeans with unlike superscripts within row differ with P as indicated.
1
Cows in treatments 1 and 2 were fed diets containing forage and grain in a 50:50 ratio .
Alfalfa hay used in treatment 1 was finely chopped and high moisture ear com was finely
ground whereas in treatment 2, hay was coarsely chopped and high moisture ear com was
coarsely ground. Cows in treatments 3 and 4 were fed diets containing 66.6% and 98.2%
coarse chopped grass hay.

Experiment 5
Twenty-four mid-lactation Holstein dairy cows were randomly assigned to three
groups. Cows were fed either a control diet containing 13.5% soybean meal (CTL), a
diet containing 12% full-fat extruded soybeans (ESB) or a diet containing 12% full-fat
extruded tinted-cottonseed (ECS) on DM basis. The soybeans and cottonseed were
extruded using Insta-Pro® Extrusion Technology. Diets contained 2.73, 4.89 and 4.56%
of fatty acids (DM basis) in the CTL, ESB, and ECS treatments, respectively.
Measurements were made during the last 5 wks of the 8-wk experiment. During week 4
through 8 of the experiment, weighted composite milk samples from a.m. and p.m.
milkings were analyzed for fatty acid composition including CLA.
Most of the long-chain fatty acids (C18 carbons) increased in the milk and cheese
by feeding extruded soybeans and cottonseed (Table 6). Conjugated linoleic acid content
in the milk and cheese increased an average of 109% by feeding full-fat extruded
soybeans and 77% by feeding cottonseed compared with the control. Processing the milk
into cheese did not alter the conjugated linoleic acid content. Feeding full-fat extruded
soybeans and full-fat extruded cottonseed to dairy cows can increase conjugated linoleic
acid content of milk and cheese.
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Table 6. Fatty acid composition of milk, CLA yield and fatty acid composition of
cheese from cows fed diets containing full-fat extruded soybeans and cottonseed.
Treatment1
Fatty acid

CTL

ECS

ESB

---{mg/g of reported fatty acids)--Milk
39.9a
33.6b
31.9b
ClO:O
51.8a
40.4b
37.8b
C12:o
131b
131b
144a
Ct4:o
411a
352b
320b
Ct6:o
15.7ab
12.4b
19.3a
Ct6:I
100c
141b
160a
C1s:o
219b
193c
245a
Cts:I
31.3c
43.8b
56.2a
C1s:2
2
8
6.0b
3.4c
CLA
6.9
6.1b
5.0c
9.6a
Cts:3
7.2b
3.6c
8.6a
CLA yield, g/cow/d
Cheese
38.5a
33.4b
32.5b
ClO:O
38.7b
50.7a
40.8b
C12:o
144
134
135
Ct4:o
413a
327b
355b
C16:o
16.1 ab
12.4b
19.6a
Ct6:I
100c
134b
157a
C1s:o
241a
215b
195b
C1s:1
42.4b
29.1c
55.8a
C1s:2
6.0b
3.4c
CLA
7.3 8
6.3b
5.7b
10.2a
C1s:3

SEM

p

0.5
0.7
1.0
4.0
0.5
3.0
3.0
1.1
0.2
0.2
0.3

0.01
0.01
0.03
0.01
0.04
0.01
0.01
0.01
0.01
0.01
0.01

0.7
1.1
2.0
7.0
0.7
4.0
4.0
1.8
0.3
0.3

0.04
0.01
0.16
0.01
0.04
0.01
0.01
0.01
0.01
0.01

•

•

a, b,~eans with unlike superscript within row differ with P as indicated.
1CTL = control, ESB = extruded soybean, ECS = extruded cottonseed.
Experiment 6
Objective of this study was to determine the CLA content of milk from cows
grazing perennial ryegrass pasture and cows fed same ryegrass as hay.
Twenty-four mid-lactation Holstein cows were randomly assigned to one of the
three treatments. The three treatments were control, pasture and hay. Cows in control
treatment received diet containing forage and grain in a 50:50 ratio (DM basis). Cows in
pasture group grazed on pasture containing predominantly perennial ryegrass. Cows in
hay group received only grass hay. The hay was prepared from the pasture that was used
for grazing. The experimental duration was 7 weeks. The measurements were made
during the last 3 weeks of the experiment. Milk samples from consecutive a.m. and p.m
milkings were collected during the last 3 weeks of the experiment. and analyzed for fatty

~~~
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Table 7. Milk fatty acid composition of cows fed
Fatty acid

ys. dry ~ass.

Pasture
mg /g of fatty acids

Hay

13.0
11.3
34
46
139
17
383
20
2.9
78
21
185
2.6
34

12.3
9.2
23
30
109
15
295
15
3.2
121
68
235
4.7
24

11.1
8.4
22
28
116
25
330
15
4.2
113
43
229
3.4
20

CLA

6.5

23.8

15.0

C1s:J

6.1

12.9

17.8

Cs:o
CIO:O
C12:o
C14:o
Cl4:1
C1s:o
C16:o
C16:l
C11:1
C1s:o
C1s:h til
Cl8:hc9
C1s:1, ell
C1s:2

•

~en

Control

Cows grazing green pasture had the highest concentration of CLA in milk
followed by moderate level of CLA in cows fed same pasture as dry hay compared with
control treatment (Table 7).

SUMMARY
Results from the present research show that CLA content of cow's milk can be
increased through different nutritional and management practices. Supplying additional
1% fat in the diet through high oil com and high oil com silage did not influence CLA
content of milk. Increasing the proportion of grazed grass in the diet of dairy cows
linearly increased the CLA content of milk. Cows grazing permanent natural pasture had
500% more CLA compared with cows fed TMR containing forage and grain in a 50:50
ratio. Feeding fishmeal increased CLA content of milk by a small margin. Studies to
determine the influences of a wider range of ruminal pH on lipid biohydrogenation are
recommended.
Conjugated linoleic acid contents of milk and cheese were increased on average
by 109% by feeding full-fat extruded soybeans and 77% by feeding full-fat extruded
cottonseed compared with control treatment. Processing milk into Mozzarella cheese did
not alter the fatty acid composition or CLA. Cows fed dry hay had lower CLA content in
milk compared with milk from cows fed the similar grass in green form .

•
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RAPID AND SIMULTANEOUS
MICROBIAL ANALYSIS USING THE
LabSMART SYSTEM

•
GARY RICHARDSON
LabSMART, LLC .

•

•

L*a*b*SMART TM SYSTEM
Rapid and simultaneous microbial and enzymatic
analyses using the L*a*b*SMART™ System
Gary H. Richardson
13th Biennial Cheese Industry Conference
11 August 1998, Logan, Utah

Reflectance colorimetry is so versatile that it can be used to automate most
dairy laboratory bioassays. Following are some of the applications that can be used
in the cheese industry:

•

•

MILK QUALITY/TOTAL COUNT/SHELF LIFE/COLIFORMS-. No dilutions
or plate counting is necessary. Results from <1 to millions/ mL are automatically available 24 hrs
earlier than with plate counts. "Regulatory'' samples > 100,000/mL are available in 4-5 hours.
Coliform counts are conducted simultaneously and are available in 10-12 hrs.

•

LACTIC CULTURE ACTIVITY-

Activities ofmesophylic lactics, thermophylic rods

and/or cocci lactics are available in <2 hrs.

•

ANTffiiOTICIINHIBITORIBACTERIOPHAGE ACTIVITY- Culture activity in
every cheese vat can be charted. The computer calculates percent inhibitions. Bacteriphage activity
becomes graphically visible during incubation.

•

CHEESE/POWDER/ENVIRONMENTAL TOTAL COUNT/COLIFORMSOne or ten gram samples of cheese or powder can be analyzed for total count or coliforms. One
hundred milliliters of rinse water or waste water can be analyzed for total counts or coliforms.

•

PASTEURIZATION EFFICIENCY -

Residual alkaline phosphatase can be analyzed to

measure the adequacy of milk pasteurization.

•

•

SWAB TESTS -

•

SOMATIC CELL COUNT- Somatic cell counts in raw milk can be estimated by measuring
the activity of a NAGase enzyme present in somatic cells.

•

PRODUCT COLOR ANALYSIS -

Swab sticks can be broken off into the media test tube and analyzed directly.

Cheese color can be analyzed directly on the instrument
scanner. Powder color can be measured following preparation of a paste by addition of water into a
plastic bag.

L*a*b*SMART TM SYSTEM

•

What professionals and users are saying -

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Finally, somebody got it correct. I applaud your new ... microbial analyzer.
The ability to produce valid assays in the lower cfu ranges by using larger sample sizes is something the dairy
industry has needed for years.
Predicted microbial modeling for HACCP programs could also be verified simply and easily by your system.
The system appears to be user friendly and very robust.
Multiple users could perform a number of assays producing timely QA information.
All disposables are readily available and inexpensive.
Non technical personnel could be trained to operate the instrument and produce good results.
It is refreshing to witness a good idea become reality.
The ability to conduct several assays at once makes this a total milk quality system.
This makes microbiology fun!
Whether it is approved or not, we want it in our laboratory.
We could do so many more samples per day and never have to count a plate.
You still have the best software in the market.
Reflectance colorimetry (RC) has been the heart of our milk incentive payment program for over five years.
It does better than match the Standard Plate Count, it provides a long-awaited psychrotrophic bacterial COWlt. It
combines preliminary incubation with analysis and provides shelf life estimates in less than 24 hours.
We have more than a dozen plants that could be using this right now.
Reflectance colorimetry has been used in my lab for over five years and has been a great research tool in
examination oflactic cultures, cheese flavors, and enzyme activity. I recommend it every chance I get.
Regulatory action levels are detected in less than four hours instead of 48 hours. This allows confirmatory
retesting if necessary.
This technology provides direct shelf life estimates and is therefore more useful than the comparatively useless
data generated through plate coWiting techniques.
Hurry and get it approved by the FDA. We need it!
Selective enrichment is automated with this technology.
Overnight I could detect the older samples with shorter shelf life in our coolers, something I could never do with
a plate coWlt.
Can you imagine what this could do in the cosmetic, environmental, and medical fields?
Your prices are too low for what you are providing.
There are many applications evident wherein this technology should be useful for the food industry.
This represents a quantum leap in laboratory instrumentation.
SMART instrumentation is much more valuable than plate coWlting.
I will never fW1 another plate count!
It is beautiful. It will do everything you claimed it would.
This software is much more negotiable than provided by the competition.
You have really got something here!

•

LABSMART LLC
c/o Gary H. Richardson
1200 Aspen Dr., Logan, UT 84341-3000
Phone (435) 752-5450 Fax (435) 752-8989
Email: garyr@labsmart.com

•

•

The !."'A"'a"'SMARl.,.. SYSTEM combines the best
features of methods that use
• reflectance colorimetry
• impedance microbiology
• dye reduction
• pH measurements
• pre-enrichment (preliminary incubation)
• most probable numbers

to rapidly, automatically, and accurately estimate:

From <1 to millions of viable
cells per 10 ml sample (and
days of shelf life) and <1 to
millions of coliforms per ml in
<24 hours.

•

Currently under
development are methods to
report microunits of phosphatase
enzyme activity (pasteurization
efficiency) or NAGase enzyme
activity (somatic cell count) in just
a few minutes. Antibiotic assay is
also being developed.

Larger samples can be tested to estimate:
Coliform Counts in:

Total Viable Cells in:
•

•

•

•

100 ml of water,
waste water, rinse ,
sponge or swab
solutions, fruit juice,
UHT products, etc.
10 g of hamburger,
ice cream mix, dry
powders, etc.
10 ml of milk,
cream, etc.

•

•

•

100 ml of water, waste
water, rinse , sponge or
swab solutions, fruit juice ,
milk, etc.
10 g of hamburger, ice
cream , cottage cheese,
cheese, yogurt, dry milk
products, etc.
1 ml of milk, cream ,
whey, etc .

•

Several assays
can be conducted
simultaneously.
The computer controls the scanner,
monitors color changes,
and automatically
calculates results.

LabSMART Software reports include:

u oo
4.00
3.50
~00
~00

21.50
~00
~00
~00
~00

~00

Color graphic plots

Color change charts*
* Data can also be exported

Tables* showing
• days of shelf life
• number of viable cells or
coliforms
• micro units of phosphatase
• somatic cell count
• percent inhibition
• units of enzyme activity
• units of inhibitor

The l .. A* a• SMART• SYSTEM is available for less than $5,500 excluding HP scanner.
For more information contact:

LabSMART. LLC
Gary H. Richardson
1200 N. Aspen Dr., Logan, UT 84341
Phone (435) 752-5450 Fax (435) 752-8989
email: garyr@labsmart.com
Website: www.labsmart.com

•

•

•

•

Automated color analyses

•

Scans and analyzes biological and/or chemical samples then prints results.

•

Saves labor and supply costs on microbiological and enzymic assays.

•

Analyzes up to 664 microtest or 165 test tube samples simultaneously.

•

Adapts to research and/or quality assurance applications in many fields.

•

Uses a computer, color scanner, printer and Windows 95© software.

LabSMART, LLC
Gary H. Richardson
1200 N. Aspen Dr., Logan, UT 84341-3000
Phone(435)752-5450 Fax(435)752-8989
www.labsmart.com

•

Il.t'!1!s1 to Ughten Your Lab Work

Minimum system requirements: 486 33 MHz PC, Microsoft Windows~ 95, 8MB RAM, color scanner, printer and uninterruptible power supply.
L"A"a SMAifrTM Software© Copyright 1996

•

How DOES IT WORK?

AUTOMATED SMART* INSTRUMENTATION

0

l*A*a"SMARTm
SomvAl\c, an
economical, versatile
software that drives
flat bed color scanners
to detect color
changes during
sample incubation.

Add undiluted sample to
sterile liquid medium in:
,.. Test tubes
,.. Microtiter plates
,.. Plastic bags
,.. Bottles
,.. Beakers
,.. etc.

ShlllJe618

Chon6"
.

49

Mix and position sample
containers on the scanner.

0

Using the software set up the
desired test, specifying time
schedule, position of sample
containers, and formulas.
Initiate the test.

-SIWie.v_~

a. loc. 1

a Lct. 8

l -.A-.Jf.,SMARTttA SOfTWARE

Elapsed Time (Holl's)

provides:
Using the methodology
developed for optical or
reflectance colorimetry, the
easy-to-use software
utilizes standard tests and
formulas to automate and
simplify the sample analysis process.

&

Color value displays & graphs.

l.f

Formula results

6

Numerous reports & graphs

.liil..

;,;:;;y

SAVE TIME & MONEY
s·1gn1T1cantIy re d uce sample costs w1t' h resu ts .m haIf t he t1me.
l*A*I( SMARTm SYSTeM I Other Methods
Technician Time
Saves 50-80%
Supplies per Test
$.05-.78
I $2.27- 13.72
Equipment & Software
$4,000- 7,000
I $40,000- 80,000

PROFESSIONAL OPINIONS
The AOAC and APHA have approved the reflectance colorimetric
method that has been used over five years as an alternative Standard
Plate Count. A user wrote, "Excellent software ... ! wish other systems
were this easy to negotiate."

Data export

For information on your quality
assurance or research laboratory
applications contact:
LabSMART. LLC
Gary H. Richardson
1200 N. Aspen Dr.
Logan, UT 84341
Phone (435) 752-5450
Fax (435) 752-8989
email: garyr@labsmart.com
Visit us on the web at
www.labsmart.com
to download free trial software.

ESTIMATE MANY PARAMETERS •••
• Aerobic Plate Counts
• Antibiotics/bacteriophage
• Culture activity
• Yeasts & molds
..

• Enzyme activity
• E. Coli

• Shelf Life
• Pathogens

•
•
•
•

Swab tests
Coliforms
pH
ion Cone's

' "SEQUENTIAL MEASUREMENT until
AMPLITUDE REACHES THRESHOLD" in
Sharpe, Anthony N., 1980, Food Microbiology, A
Framework for the Future, C. C. Thomas,
Springfield, IL.
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ACOUSTICAL HOLOGRAPHY FOR
CHEESE INSPECTION

•
JERRY TURNBULL
INTERNAL VISION

•

•

ACOUSTICAL HOLOGRAPHY FOR CHEESE INSPECTION
Jerry Turnbull, Ph.D.

CEO - Internal Vision.

ABSTRACT
This paper presents the characteristics of acoustical holography, and its application to
cheese and dairy inspection. Acoustical holography is the science of creating a
hologram in sound and reconstructing it in light. This process is done in real time,
which makes it well suited for high sped production processes. The principle
advantage of using ultrasound is that sound penetrates solid objects (impenetrable by
light) providing an interior view of the product. Limitations and advantages of this
technique are discussed along with applications in various cheese processes.

1.0 THE SCIENCE OF ACOUSTICAL HOLOGRAPHY
The concept of holography was originally conceived by Dennis Gabor in the late SO's and awarded the
Nobel Prize in physics. Similar to other discoveries, it took years of investment for the technology to
become profitable and applicable to the industry. In 1994, the market for optical holography was $200
million and growing rapidly. Acoustical holography (which is the creation of an image using sound)
offers a more practical and perhaps a more profitable role than conventional optical holography.
Conventional photography records only intensity levels and therefore is void of any true three
dimensional information. However, holography records both phase and amplitude information by using
a second wave which provides a reference for the phase (essentially distance) for every point on the
object. This concept is illustrated in Figure 1.1.

•

Reference

Object

3-D Image
Hologram

Figure 1.1 Creating and reconstructing the hologram
Acoustical holography follows the same wave principles as optical holography and the only difference is
that the object is illuminated with sound rather than light. It is important to remember that the sound
passes completely through the object and onto the holographic detector on the other side. This "through
transmission" imaging provides significant advantages
2.0 CHARACTERISTICS OF ACOUSTICAL HOLOGRAPHY
Acoustical holography represents an excellent imaging technology for cheese and dairy industry
Sensitivity greatly exceeds radiography and surpasses conventional ultrasound techniques. At a given
frequency, system resolution also exceeds conventional techniques. An attractive feature is the real time
imaging capability ln high volume and high speed production systems.
The key characteristics are discussed below.

•

1. Sensitivity
Through transmission acoustical holography is very sensitive. Conventional ultrasound techniques
require a strong interface to obtain a reflection and in typical tissue applications only 0.6% of the
original signal is reflected. Acoustical holography uses 99.4% of the signal that is transmitted
through the object to create the image. The result is extreme sensitivity to subtle changes in object
structures. For example under certain conditions acoustical holography can detect water turbulence
created by moving your hand around in a water tank, or even a thermal gradient created by pouring
hot or cold water in water at room temperature.

2. Resolution
Although the modality is ultrasound, acoustical holography represents a different approach than
conventional pulse echo techniques. The fundamental difference is that the object can be thought of
as a diffraction grating rather than a point reflector. Thus beam size is no longer a driver of system
resolution, and resolution approaches the theoretical half wavelength (/J2). This is demonstrated in
the attachment on resolution, which shows acoustical holography can achieve a higher resolution
than a conventional b-scan running at nearly 3 times the frequency.
Table 2.1 Projected resolution (in inche&
Frequency
Resolution (in Resolution (in
(Mliz)
Muscle)
Fat)
.024"
.023"
2.0
.023"
.022"
2.1
.022"
.021"
2.2
.021"
.020"
2.3
.020"
.019"
2.4

Frequency

(Mliz)
2.5
2.6
2.8
3.0
3.2

Resolution (in
Musclel
.019"
.018"
.017"
.016"
.015''

•

Resolution (in
Fat)
.018"
.017"
.016"
.015"
.014"

3. Detection
The detection limit, defined as the ability to detect an is far beyond the resolution limit and is
measured in fractions of a wavelength. In acoustical holography the slightest diffraction of the wave
is detected in the image, and studies have shown detection of 0.2mm calcifications suspended in oil
with wavelengths greater than 0.4 mm.
4. Real-time imaging and detection
The current system produces over a 100 images per second and is easily adapted to high-speed
processes.

3.0 APPLICATIONS IN THE DAIRY AND CHEESE INDUSTRY
Acoustical holography has many applications in the dairy and cheese industry. For example foreign
material detection, process control and sample analysis. The primary consideration is that the object must
be able to transmit high frequency sound which includes most solid objects and liquids, however, dry
powders and pieces are difficult to image. The second consideration is the ability to couple sound to the
object. Liquids are especially easy to inspect since the acoustical holography sensor can be easily
adapted to a pipe. Solid objects tend to vary and specific applications require different contact sensors
for different food applications.

•

3.1 Foreign contaminant detection
Acoustical holography has been proven to be an effective technology to determine foreign material
in many food applications. There are three essential elements for inspecting products for foreign
materials. The first is the mechanical conveying system, second is the holographic sensing system
and third is the software (algorithm) to make a decision based on the data. The mechanical
conveying system and the algorithm are product dependent. The mechanical conveying system can
be easily adapted to a pipe sensor or shrink wrapped product. The software detection complexity is
dependent upon the product. For example a wood splinter in a block of cheese is easier to detect
than a wood splinter in ground beef.
Since most dairy applications are fluid and homogenous there are many applications well suited to
the use of acoustical holography. Appendix 1 illustrates a few images ofwhen acoustical holography
is used to determine foreign material in cheese and other foods.

1

•

•

3.2 Process Control
Another application for acoustical holography is process control. The ability to image the inside of a
product is useful in many applications. For example hole formation in Swiss cheese can be closely
monitored using acoustical holography. Other areas of process control deal with fluid products. For
example acoustical holography has demonstrated the ability to image real time turbulent flow in an
opaque pipe. This has significant implications in the food industry and can be used to control many
processes (safely increase fluid velocity to the laminar I turbulent threshold). Appendix 2 illustrates
an example of fluid motion.
3.3 Other applications
Other applications of acoustical holography, include such areas as real time analysis, mixing
effectiveness (i.e. concentration of peppers in jack pepper cheese.),% of mix (how many peppers in
the cheese), quality control parameters, etc.

4.0 CONCLUSIONS
Acoustic Holography represents a new application of a very basic physics concept. In short, we are
using sound to create a three-dimensional image of a product both inside and outside. This image is
much more accurate and is less expensive to produce than current technologies. Furthermore, acoustic
holography can be used for quality control and for process control. We are very excited about the
application of the technology to the dairy industry and are seeking possible applications for the
technology .

•

•
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Appendix 1

•

Examples of Foreign Material Detection

•
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Acoustical Holography

14 awg (.083") Biopsy
needle in breast phantom

.6mm needle in egg

Vision

Different egg higher
acoustic magnification

Acousticalllolography
neless chicken breast with various foreign bodies

e

.7mm- l.Omm candy dots
imbedded in breast

Candy dots clearly seen even at low magnification (~9). Note
the smear marks are also detected .

.2mm monofilament fishing line
Wi.

Tip of toothpick

•

Cheese Inspection

Chedder cheese
with toothpick
imbedded in block

Notice outline
of toothpick
clearly seen

Different size buckshot in American
cheese

#9 shot (.8mm- .7mm)

American Cheese Inspection

American cheese with airvoids,
rough surface, rough interior

•

Acoustic Hologram

•
Acoustic Hologram

American cheese smooth surface
and interior
Acoustic Hologram 3 stacked •
p1eces

, ustical Holography Dairy Product Inspection

Cube of butter with
toothpick imbeded

Yogurt inspected in container

Pudding inspected in container
Image showing toothpick in pudding

Appendix 2

•

Examples of Fluid Flow

•
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Fluid motion, tomato sauce in container

section of tomato inserted in sauce

Motion of tomato piece as container is moved

Acoustical holography imaging through pipe
Dark region represents air

•

Tomato sauce in a 2" PVC pipe

Up & down pipe motion illustrates fluid flow

Diced tomatoes in a 2" PVC pipe
Dark objects represent diced tomatoes
Engineering

•
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ADAPTATION OF INFRA-RED
INSTRUMENTATION FOR ANALYSIS
OF DAIRY PRODUCTS

•
DAVE MCKENNA
FOSS FOODS
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•
Adaptation of Infrared Instrumentation
for Analysis of Dairy Products.
David McKenna
Utah State Biennial Cheese Conference
August 10-12, 1998
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THE DISCOVERY OF INFRARED
WAS MADE BY SIR WILLIAM HERSCHEL IN
1800.
THERMOMETER

VISIBLE
REGION
IR
SUN'S RAYS

•

GLASS
PRISM

•

The Invention!

• 1964 INFRARED
MILK ANALYZER
• INVENTED BY
JOHN GOULDEN
•MANUFACTURED
BY GRUBB
PARSONS (UK)

''IRMA''

•

THE BASIC PRINCIPLE OF THIS
TYPE OF INSTRUMENT IS THE
ABSORPTION OF INFRARED
RADIATION, i.e. THE DIFFERENT
COMPONENTS OF MILK ABSORB
INFRARED ENERGY AT
DIFFERENT WAVELENGTHS .

•

•

•

•

ELECROMAGNETIC SPECTRUM

-3

10 nm

I
GAMMA
RAYS

-1

10 nm

I
X RAYS

1nm

I

2

10 nm 1 pm

3

10 pm

I I
uv

VISIBLE INFRARED

I

10 m

I
MICROWAVE&
RADIOWAVE

MID IR SPECTRUM

3
10 p.:tm

2.5 pm
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Theory.

Both the Mid Infrared and the Near Infrared
methods are based on the same fundamental
relationship:

The Beer-Lambert Law

•

The Absorption Mechanism

Intensity = I

Intensity = Io

•I•

Sample Thickness or Pathlength

•

•

•

THE BEER-LAMBERT LAW

I= Io e· kcl
where

k = extinction coefficient.
c = component concentration
I = cell pathlength.

•

So we can see that the intensity of the
transmitted or reflected signal I is a Function
of the individual values within the exponent:

K I c
Extinction
coefficient

Path Length

Component
Concentration

•

•

In the Mid infrared we have:
Very high k values
Hence very short path lengths
Hence the restriction is liquid samples

•

In the NIR we have:
Much lower k values
Hence we can use longer path lengths
Hence we can analyze solid samples and
slurries

•

•

•

•

DAIRYLAB WAVELENGTHS
p
I

Pref

3

4

Fb

5

6

Fa

7

Fe

s

8

L

9

WAVELENGTH

10

Memory:

Uncorrected Data Storage.

Fa one.

Sol one.

Pone.

Fe one.

Lone.

Ref.

Fb one.

lo

Sample
Cell
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Detector
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THE DISADVANTAGES OF THIS
TYPE OF INSTRUMENTATION
ARE:
1. We are restricted to obtaining information
at selected wavelengths.
2. Calibration for complex products is limited
and time consuming.

•

THE LATEST ADVANCE IN THIS
FIELD OF ANALYSIS IS

FTIR
FOURIER TRANSFORM INFRARED

•

•

•MILKOSCAN FT 120•(1820-1995)
FOURIER
1820
II
BARDEEN,

MICHELSON
880

BRATTAIN,
SHOCKLEY
1948

•

~

FELLGET
~~~
1950
~~

COOLEY &
GOULDEN
1964

TUKEY
1964
~

THE MICHELSON INTERFEROMETER
FIXED
MIRROR
MOVING
MIRROR

SOURCE

BEAM
SPLITTER
50/50

•

DETECTOR

•

•

•
MILKOSCAN FT 120

DETECTOR
ALL WAVELENGTHS

,; INTERFEROMETER
i (Michelson)

SAMPLE

,._Af\-=
_.
v9Fv If"" INTERFEROGRAM

DATA TRANSFER

THEINTERFEROGRAM
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DATA CONVERSION
-~,~j····.·····-·•·''·•
FOURIER
TRANSFORM
INTERFEROGRAM

...
+
%T
~

...

ABSORPTION
SPECTRA

THE GREAT ADVANTAGE OF THIS
TECHNOLOGY:

In the past we were limited to
collecting information at a maximum
of six wavelengths (Dairylab 2). Now
we have access to all the wavelengths
in the Infrared spectrum.
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• Re01 ember!! •
INFRARED ABSORPTION
Protein
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Applications for the Cheesemaker:
• Fat and Casein in Raw Milk.
• pH-independent Whey Calibration.
• Evaporated Whey Calibration.
• Ultrafiltrated Whey Calibration.
• Hard and Soft Cheese Calibrations.

•

Introducing:
I The ProcesScan FT

I

The First FT-IR Based Analyzer
Specifically Designed for the Dairy Process
Environment

•

•

•

Foss ProcesScan FT
• On-line analysis of:
-Fat
-Protein
-Lactose
- Total Solids (TS)
- Solids Non Fat (SNF)
- + future calibration
development
• Technology
- FTIR analysis

•

System overview
Control Room

Plant

Offices

Master PC

Lab. manager

I
I

ARC-net
PLC

Sensors
Valves

•

11111111111111111

Office LAN
Bus

Main Program
Process Touch

Product Editor
User Calibration Tool

•

•

Benefits:
• Free air in process line does not affect results.
• Designed to use plant CIP.
• Diamond window sample cell with long lifetime.
• Negligible product waste.
• Implementation directly in process environment.
• Meets sanitary standards.
• On-line analysis with fast response time.

•

Software - Main Data Points
• Windows NT based.
• Runs on PC.
• Network Connection.
• DDE communication link.
• Modem connection for service.

•

•

Applications for the Cheesmaker:
• Automatic Standardization of cheese milk.
• Automatic Standardization of whey products.

•

Now We Have to Consider Near
Infrared Applications

•

•

•

•

NEAR INFRARED REGION (NIR)

3
10 pm
0. 75 pm

2.5 \JID

Remember!!
The lower extinction coefficients k in
the NIR region of the spectrum enable
us to analyze solid and semi solid dairy
products. Also, the long path lengths
make this technique ideally suited to
process control.

•

•
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Monochromator

•

Exit
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NIR Transmission

Sample Prep:
•
Grated cheese In
petri-dish

Intensity = Io

Intensity = I

•

•

•

•

•

NEAR INFRARED REFLECTANCE
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DAIRY INSPECTION AND CERTIFICATION:
PRESENT AND FUTURE
Presented By: F. Tracy Schonrock, Chief
Dairy Grading Branch
United States Department of Agriculture
I would like to express my thanks to Dr. Donald McMahon and Utah State University for the
opportunity to address the group this morning. It is always a pleasure to be able to get away
from Washington, DC, August heat and humidity.
The title of my talk this morning is DAIRY INSPECTION AND CERTIFICATION:
PRESENT AND FUTURE. When Don asked me to speak, he commented on how the dairy
industry is at a crossroad for participation in the global marketplace. While this is true and
very important to the dairy industry, we should also look to changes in the domestic industry
and markets. There are many changes occurring- almost on a daily basis.
Some of these domestic market challenges are:

•

Fluctuating prices for butter and cheese
Elimination of the dairy price supports
Movement of production areas to the West and Southwest
Consolidation and mergers of plants and companies
More knowledgeable buyers at both the commercial and household level
Costs
Some of the International challenges are:
Finding new markets and competing with other nations (DEIP limitations)
International Standards such as CODEX and IDF
International Treaties and Agreements
Import restrictions

•

Costs and your ability to compete on price
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The Dairy Grading Branch is confronted with these very same challenges. We also need to be
able to react and adapt to the changes in order to continue to be a viable organization. To this
end, we have developed and are continuing to develop new programs which we feel will assist
the industry meet their challenges.
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EXPORT CERTIFICATIONS
Dairy Exports to the European Union (EU) must comply with the provisions of European
Union Council Directive 92/46/EEC.
The Dairy Grading Branch is the only EU recognized certifying agency for dairy products
imported into the EU. In order for us to provide certification, the dairy plant which is the
source of the dairy product or dairy ingredient in a combined product MUST be on the list of
dairy plants approved for importing to the European Union prepared by the Food and Drug
Administration. To further complicate the process, this list must be voted upon and accepted
by the European Union Commission. These time constraints and restrictions must be taken
into consideration. So, if you have interest in exporting to the EU, plan ahead!
A major requirement for exporting to the EU is your certification that you meet the EU
requirements for Standard Plate Count and Somatic Cell Counts. The EU requirements are
lower than those of the United States. EU Council Directive 92/46/EEC limits are:
=

100,000/ml

Somatic Cells =

400,000/ml

SPC

•

Exporting dairy plants must be able to show that the milk supply used for export purposes
meets these requirements. At the time of certification, a Certificate of Conformance will be
requested from the party requesting the export certification. If you are not the exporter, you
may be requested by one of your customers who is an exporter to provide this Certificate of
Conformance. Plants involved with exporting to the EU will be audited to assure that the milk
supply used for export purposes is in compliance with the EU requirements. In some cases
this may result in a secondary or tertiary level of audit activity.
I can not stress strongly enough the importance of monitoring your milk supply used for EU
export purposes to assure compliance. Failure to control the milk supply could severely limit
ones ability to participate in exports to the EU. Additionally, the United States expects to be
audited by representatives of the EU. Noncompliance findings during such an audit could have
an industry wide adverse impact.

2

•

•

To further facilitate the EU export process, we can issue certificates in as little as 24 hours by
using information provided by fax. With the exception of the United Kingdom, we are able to
sign the attestations for both the public health and animal health portions of the certificates thus
providing you with a single source for certifications. We also have the capability to issue the
EU certificates in any of the official EU languages.
Export certificates can also be issued for non-EU countries. We have some broader flexibility
for certifying to these other countries. You would be eligible for obtaining certifications if you
are listed in:
Dairy Plants Surveyed and Approved for USDA Grading Service
FDA NCIMS Sanitation Compliance and Enforcement Ratings of
Interstate Milk Shippers
FDA List of Plants Approved for Export to the European Union

•

Generally, We certify to the public health aspects of the products.· However, we can also
certify to other contract requirements if they can be identified and the specifications are clear.
Some other contract requirements might be:
Coli, Salmonella, Standard Plate Counts
Quality or Compositional Requirements
Condition of Containers
Weights
International treaties require that importing countries have valid scientific reasons for import
certifications requirements. However, commercial buyers and users may have functional needs
for certain information on a certificate.
We are working with the USDA, Animal Plant Health Inspection Service (APHIS) for
authorization to sign the animal health portions of export certificates for non-EU countries as
we do for the EU countries.
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One suggestion I would like to make for your consideration is to use the USDA official
identification shield program in export markets. What better way to demonstrate to a foreign
buyer that all the product has been evaluated by USDA than for each package to bear a grade
or quality shield? We have the ability to approve a shield for use on any product we inspect.
This is not limited to only consumer size containers but applies to bulk containers as well .
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PARTNERS FOR DAIRY QUALITY (PDQ)
This is a new program which is currently in the beginning of a pilot study phase. This
program is an audit based inspection program. It has many new and different features from
our current end product inspection techniques. The service will eventually be offered as an
option for all of the various services we provide. However, at this initial stage, it is only for
products bearing official identification at the plants participating in the pilot study.
The pilot study includes four processing plants. Once up and running, participation in this
program will allow a plant to produce and ship product without end product grading. Quality
and compliance will be evaluated and monitored through periodic audits of the processing
plants.
One thing we, both USDA and the participating plants, have learned already is that the
development of the quality management system takes longer to develop than anticipated. It
take a large commitment from the participating plant to make it work.
HACCP CERTIFICATIONS
This is a new program which is only in a developmental stage at this point. We have received
some interest from dairy plants who want some means by which they can receive a third party
review and certification of their HACCP programs. This may have direct applicability to
international markets. We hear that many foreign buyers want to know if a plant has a
HACCP program.

•

This would also be an audit based program.
JOINT EFFORTS WITH STATES
The Dairy Grading Branch has a number of Cooperative Agreements with States in which we
utilize the services of State inspectors and graders. This has been a successful program over
the years in keeping the cost for services manageable. We have a very successful program
here with the State of Utah. In Utah there are 10 processing plants which are inspected and
receive grading services under the agreement. Under a Cooperative Agreement, the
cooperating State inspectors are licensed by the Dairy Grading Branch and operate as our
agents when providing services.
There is some interest from some States to utilize our plant inspections to reduce the cost of
their regulatory inspection programs. The State of Wisconsin will be starting a two year pilot
study in which they will accept our plant surveys in lieu of one of their regulatory inspections
each year.
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We recently met with the State of Ohio. They are looking favorably at utilizing our
inspections in lieu of all of their regulatory inspections.
In both of these instances, the plants that are eligible to participate are only those plants which
request their entire facilities be inspected by USDA. The States retain all of their regulatory
authority and responsibility under these proposals. USDA only provides the in-plant
inspections of the facilities. The States in tum utilize our reports for their regulatory purposes.
Thank you for your kind attention.
I will be pleased to answer any questions you may have .

•

•
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How Starter Bacteria Direct Cheese Flavor Development
Jeffery R. Broadbent
Western Dairy Center, Department of Nutrition and Food Sciences,
Utah State University, Logan
Introduction
The process used to convert drab, flavorless curd into lively, palatable, and
well-bodied cheese is termed maturation, curing, or ripening. In order to attain
characteristic flavor and body attributes, many cheese varieties must be ripened at
2-l5°C for several months to a year or more. During this time, flavor compounds
such as carbonyls, fatty acids, sulfur compounds, amino acids, and peptides are
slowly produced by the gradual breakdown of milk carbohydrates, lipids, and
proteins. Studies performed more than two decades ago showed that starter-free,
gluconolactone-acidified cheese failed to develop any Cheddar flavor, while cheese

•

made with Lactococcus lactis starter bacteria developed characteristic, balanced
flavor. Those results clearly established that starter bacteria, and/ or enzymes from
these microorganisms, are essential for proper flavor development in Cheddar
cheese (Law et al. 1976). Those same studies also showed that nonstarter lactic acid
bacteria (NSLAB) can also influence cheese flavor. Combined, starter and NSLAB
are now thought to influence cheese flavor development in several ways,
including (1) fermentation and depletion of milk sugar; (2) lowering the oxidationreduction potential in ripening curd; (3) hydrolysis of proteins into peptides and
free amino acids; (4) conversion of amino acids into flavor compounds; and (5)
production of diacetyl and other carbonyl compounds.
The microbiology of cheese.
Efforts to understand the role of lactic acid bacteria (LAB) in cheese flavor
development must begin with an examination of cheese microbiology. The LAB
which are present in the cheese matrix may be deliberately introduced (starter

•

cultures and culture adjuncts) or they may be contaminants (usually lactobacilli)
that enter cheese through the milk supply or processing equipment. Microbial

examination of ripening curd has shown that numbers of starter bacteria decline
during maturation, while those of NSLAB increase (Peterson and Marshall, 1990;
Thomas, 1975) (Figure 1). In a typical Cheddar cheese, for example, populations of L.

•

lactis starter bacteria may exceed 1010 organisms per gram of cheese one day after

press. Because they are present at the highest cell density in the cheese matrix, L.
lactis starter cultures are generally believed to make the most significant

contributions to cheese flavor development.
As maturation proceeds, numbers of viable starter bacteria will decrease as the
organisms begin to die in the harsh environment that typifies ripening cheese (no
residual lactose, pH 5.2, 4% NaCl, 7-10°Q. Some of the dying starter cells undergo
autolysis, which releases intracellular enzymes and cellular components, such as
sugars and nucleic acids, into the cheese matrix. Starter enzymes which retain
activity in the cheese matrix environment may exert positive or negative effects on
flavor development, while intracellular nutrients are thought to assist in the
growth of NSLAB. Significantly, the rate of starter autolysis and the nutritional
quality of the autolysate can differ among strains of L. lactis (Thomas, 1987).

Figure 1. Microbiology of a ripening cheese.
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Fermentation and depletion of milk sugar.
The fermentation of lactose to L-lactic acid is a primary function of L. lactis in
Cheddar cheese manufacture, and the degree of acid production in the vat is widely
regarded as the single most important factor for the control of Cheddar cheese
quality (Lawrence et al., 1993). This is because the rate of acid production determines
the pH and mineral content of the curd at draining, which in turn will affect the
basic structure of the cheese and the amount of chymosin that is retained in the
curd, and hence cheese texture and flavor properties (Figure 2).

Figure 2.

The relationship between

the degree of acid production and the
quality of Cheddar cheese texture and
flavor.

•

(1993).

Adapted from lAwrence et al.
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Lactose fermentation occurs during the early stages of cheese maturation, so
depending on the level of salt in the moisture phase, Cheddar cheese will typically
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contain less than 0.1% lactose after only 1-2 wks of ripening (Olson, 1990). Lactate
itself (and other organic acids such as acetate, which are produced in lesser quantities

from lactose) is a contributor to the flavor and texture of Cheddar cheese. Moreover,
in Swiss-type cheeses, lactate serves as a substrate for the growth of propionibacteria,
who convert lactic acid into propionic acid (an important flavor component of Swiss

•

cheese) and C02 (which produces the eyes). The rapid depletion of residual milk
sugar by the starter is also important to cheese quality because it may otherwise
serve as a substrate for the growth of undesirable bacteria such as
heterofermentative lactobacilli, that can produce off-flavors, gas, and D-lactate.
Lowering the oxidation-reduction potential.
The development of a low oxidation-reduction potential in ripening cheese is
thought to be important for certain chemical reactions and for the protection of
oxygen-sensitive flavor compounds. While cheese block size and packaging
materials certainly play an important role in cheese redox potential, the decrease
that occurs in the oxidation-reduction potential of curd during cheese manufacture
and ripening is due primarily to the metabolic activity of LAB (Olson, 1990). Work
by Kristofferson (1967) indicated that during the first few days of maturation, the
oxidation-reduction potential of Cheddar cheese is about -200 mV. The redox
potential increased to about -50 mV during the first week of maturation, then
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steadily declined to almost -300 mV (Kristofferson, 1967). The increase in the
oxidation-reduction potential that was observed during the first week of ripening
was thought to be due to a decrease in the reductive effect of the L. lactis starter in
response to lactose depletion. The strong decrease in redox potential that followed
was likely due to increased growth and metabolic activity~ NSLAB. Thus, the
oxidation-reduction potential of ripening cheese may be heavily dependent on the
levels and types of NSLAB that are present, and studies suggest NSLAB vary in their
ability to maintain -a low redox potential (Lawrence et al. 1993). It is important to
note, however, that little information has been published on the oxidationreduction potential in ripening cheese, and further research is needed to confirm
Kristofferson's observations and to identify the mechanisms by which LAB reduce
the oxidation-reduction potential in ripening cheese.

•
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Proteolysis
While glycolysis and lipolysis have positive roles in the development of
Cheddar cheese flavor, proteolysis and its secondary reactions are believed to play a
much more significant role in the maturation of cheese texture and flavor (Fox,
1993). Proteolysis can also lead to bitterness, a relatively common defect that is
produced by the accumulation of hydrophobic peptides (formed by rennet and some
starter bacteria) to levels that exceed desirable taste thresholds (Lemieux and Simard,
1991 & 1992). For these reasons, casein hydrolysis and its relationship with cheese
flavor development has been an area of intense research interest for decades, and
this topic was recently reviewed by Fox et al. (1996). Studies of proteolysis in
Cheddar cheese have shown it is a complex process that involves endogenous milk
enzymes, added rennet, and microbial proteinases and peptidases. Hydrolysis of
intact caseins is almost exclusively catalyzed by chymosin and endogenous milk
enzymes, while the proteinases and peptidases from L. lactis starters are principally
responsible for the production of water-soluble peptides and free amino acids (Fox et
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al., 1994) (Figure 3). The concerted action of these enzymes in cheese will also be
influenced by the specificity and activity of individual enzymes that are present in
the cheese matrix and, in the case of intracellular enzymes, access to an appropriate
substrate.
Chymosin, and probably plasmin, are thought to influence cheese flavor in at
least 3 ways (Fox et al., 1993); First, some of the peptides produced by the coagulant
are small enough to influence flavor directly, but their overall effect is probably
negative (i.e. bitter). In addition, high- and medium molecular weight peptides that
are produced by chymosin and plasmin serve as substrates for microbial proteinases
and peptidases, which convert them into low molecular-weight peptides and free
amino acids (Figure 3). As described in sections below, the peptides produced from
these reactions may contribute background flavor notes or bitterness, while free
amino acids are thought to serve as precursors to key cheese flavor compounds.
Finally, the breakdown of the casein network by chymosin and plasmin softens

•

cheese texture, which improves the release of flavor compounds during
mastication.

Figure 3.

Enzymatic degradation of casein in Cheddar cheese.
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Chymosin, Plasmin
HIGH- AND MEDIUM-MOLECULAR
WEIGHf PEPTIDES

i

Starter proteinases and endopeptidases

LOW-MOLECULAR WEIGHf PEPTIDES

, Starter and NSLAB peptidases
FREE AMINO ACIDS

The lactococcal cell envelope proteinase. The most important microbial

enzyme for the hydrolysis high- and medium-molecular weight peptides produced
by chymosin and plasmin is the lactococcal cell envelope-associated proteinase
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(CEP). Lactococcal CEP from different strains exhibit an extremely high degree of
amino acid sequence identity, but purified enzymes can differ in their relative
affinity for individual caseins and in their specificity toward as,-casein (f 1-23) at
near neutral pH (Exterkate et al., 1993). Most differences in CEP specificity are due to
one or more amino acid substitutions in the enzyme's substrate-binding regions,
and this property has recently been used to classify lactococcal CEP into distinct
groups (Kunji et al., 1996). Although several laboratories have investigated the
specificity of purifi~d CEP toward individual caseins (CNs), the specificity of purified
CEP differs from that of the native cell-bound form, and can also be affected by the
acid and salt content of cheese (Exterkate and Alting, 1993). Thus, even though
lactococcal CEPhas a central role in cheese secondary proteolysis and is widely
thought to influence flavor development, relatively little is known about the

•
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specificity of native cell-bound CEP during cheese ripening or the effect of CEP
specificity on cheese quality.
One important consequence of lactococcal CEP specificity on cheese quality
that is receiving considerable attention involves bitter flavor defect. For decades,
cheesemakers have realized that some (but not all) starters promote bitterness, and
this attribute is believed to be a function of CEP activity and specificity. A recent
collaborative study between researchers at Utah State University and the University
of Wisconsin-Madison investigated the influence of CEP specificity on peptide
accumulation and bitterness in reduced- and full-fat Cheddar cheeses (Broadbent et
al. 1998). The cheeses used in that study were manufactured with single-strain
Lactococcus lactis starters that had distinct cell envelope proteinase specificities.

Two of the starters, 51 (group e CEP) and 52 (group b CEP), are used commercially in
the US for Cheddar cheese manufacture, while the third, 53 (group h CEP),
consistently produces bitter flavors in milk. Micellar electrokinetic capillary
electrophoresis of aqueous cheese extracts detected three large peaks, designated 0, P,
•

and Q that eluted with peptide standards and increased in area during maturation
in a pattern that was distinct for each starter. Regression analysis of bitter flavor
scores from trained sensory panels and individual 0-Q peak areas suggested that
peaks P and Q had a negative and positive correlation, respectively, to this defect.
HPLC, capillary electrophoresis, peptide sequencing, and mass spectrometry were
then used to identify five peptides from ascCN, one from (3-CN, and one from as 2CN that accumulated in 6-mo-old cheeses (fable 1). Most of the peptides derived
from as1-CN (f 1-23) accumulated in a manner that corresponded with starter
proteinase specificity. All of the peptides identified in the study except for as 2-CN (f
1-21) eluted in the 0-P-Q region of micellar electrokinetic capillary
electropherograms. The as 1 -CN (f 1-16), ascCN (f 1-17) and

~-CN

(f 193-209) eluted in

peakO, as1-CN (f 1-13) and as1-CN (f 1-14) eluted in peak P, and as 1-CN (f 1-9) eluted
in peak Q. As shown in Table 1, the peptide that accumulated to highest
concentration in 53 cheese was as 1-CN (f 1-9). Total CEP activity was always several-
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fold higher in 53 than in 51 or 52 cheeses, so this result was probably a consequence
of both group h CEP specificity and high total CEP activity. The as1-CN (f 1-9) peptide

Table 1.

Identification and relative abundance of peptides isolated from 6 mo old

reduced-fat Cheddar cheese manufactured with Lactococcus lactis S1, S2, or S3
single-strain starters.

Q, average hydrophobicity; MW, molecular weight.

Adapted

•

from Broadbent et al., 1998.
Relative Abundance2
51
53
MW
52
Peptide1
Q
a 51 -CN(fl-9)
1422
1143
++++++
++++++++++
a 51 -CN(fl-13) ++++++++++
1363
1538
+++++
+++
a 51 -CN(fl-14)
++++++++++
1305
1666
+
a 51 -CN(fl-16)
++
1399
1878
+
a 51 -CN(fl-17)
1993
+
1316
a 52-CN(fl-21)
2425
+++
880
++
(3-CN(£193-209)
1796
1881
++
+
1
ldentified by amino terminal sequence and mass spectroscopy.
2
Estimated using individual peak areas from HPLC chromatograms of cheese
made with each starter. Plus symbols were assigned to reflect the relative
area of individual peaks, with a single(+) assigned to the smallest peak in
that group. Negative symbols identify peaks which were not detected in
HPLC chromatograms of some cheeses.
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has not been linked with bitterness, but the following evidence suggests that ascCN
(f 1-9) may contribute to that defect: First, peak Q provided good correlation to bitter
flavor intensity, and a 51 -CN (f 1-9) was the only peptide isolated in the study that
eluted in peak Q. Second, a 5cCN (f 1-9) has a mean hydrophobicity that is greater
than 1400 and a mass that is less than 6000. These properties, according toNey's Q
rule (Lemieux and Simard, 1992), predict this peptide to be bitter. Third, even
though a 51 -CN (f 1-9) was detected in nearly all cheeses, its concentration was always
highest in 53 cheese. This observation is consistent with the hypothesis that
bitterness develops when levels of a constituent bitter peptide exceed its taste
threshold. As a whole, results from that study confirmed that starter CEP specificity
plays a significant role in determining the peptides and amino acids which
accumulate in ripened cheese, and this feature likely has a direct relationship to
starter propensity for bitterness.

•
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Starter peptidases. The peptides produced by chymosin, plasmin, and
lactococcal CEP in ripening cheese are further hydrolyzed into lower molecular
weight peptides and free amino acids by the combined activities of lactococcal
endopeptidases and exopeptidases. These reactions are important because they help
to degrade bitter peptides and also supply the precursors (free amino acids) needed
for the development of cheese flavor compounds. Endopeptidases hydrolyze
peptide bonds within peptides, while exopeptidases hydrolyze bonds at the peptide
amino- or carboxy-terminal end. No carboxypeptidases have been identified in L.

lactis, so alllactococcal exopeptidases remove amino acids from amino terminal end
of peptides. A number of these enzymes have been purified and characterized, and
genes encoding their production have been cloned and sequenced (for a review, see
Kunji et al., 1996). Lactococcal exopeptidases which have been characterized include
two general aminopeptidases (PepN and PepC), aminopeptidase A, dipeptidases and
a tripeptidase. The general aminopeptidases display relatively broad specificity in
their ability to sequentially remove amino acids from the amino terminus of
•

peptides that contain a variety of different amino acids at this position. In contrast,
aminopeptidase A shows a strong preference for peptide bonds that include an acidic
amino acid residue (aspartyl or glutamyl) at the amino terminus. Tripeptidases
cleave a variety of tripeptides into dipeptides and amino acids, while dipeptidases
cleave dipeptides into amino acids.
Due to its unique structure, specialized enzymes are needed to hydrolyze
peptide bonds .that involve proline, and several enzymes involved in the hydrolysis
of proline-containing peptides have been identified in L. lactis. These include
proline iminopeptidase (Pepl), which removes Pro residues from the amino
terminal end of peptides; prolidase (PepQ), which cleaves dipeptides that contain
Pro in the 2nd position; and X-prolyl dipeptidyl aminopeptidase (PepX), which
removes dipeptides from the amino end of peptides that have Pro in the
penultimate position. Peptidases that are active on Pro containing peptides are of
particular interest in cheese because of the relatively high abundance of Pro in

•

casein.

•

The complexity of the peptidase enzyme system in L. lactis and other LAB has
confounded efforts to establish the role of individual enzymes in casein hydrolysis
and cheese ripening. The ability to construct isogenic strains which differ only in
the activity of a single peptidase, however, has recently provided researchers with a
powerful systematic approach to examine the contribution of individual peptidases
on cell growth and cheese flavor development. Baankreis (1992) examined the effect
of PepN and PepX on the development of Gouda-type cheese flavor using isogenic
derivatives of Lactococcus lactis ssp. lactis MG1363 which lacked one of these
enzymes. No significant differences between the control cheeses and the cheese
manufactured with the mutants were observed when cheese peptide profiles were
compared, but sensory analysis indicated that PepN had a critical role in the
hydrolysis of bitter peptides.
The effect of overexpression of aminopeptidase N was also examined by
Christensen et al. (1995). They introduced multiple copies (approximately 35
copies/ cell) of the Lactobacillus helveticus CNRZ32 PepN gene into L. lactis ssp.
cremoris SK11 and observed an approximately one hundred-fold increase in
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aminopeptidase activity. The SK11 derivative containing the Lb. helveticus PepN
gene was then compared to the wild-type strain in Cheddar cheese manufacture.
The cheese made with the SK11 derivative with enhanced aminopeptidase activity
was determined to have a more than five hundred-fold increase in aminopeptidase
activity per gram of cheese and an approximately 1.5-fold increase in free amino
acids; these differences were observed as early as after two weeks of ripening and
through the six month time point. Surprisingly, no significant sensory differences
were observed between the cheese with the SK11 derivative with enhanced
aminopeptidase activity and the cheese manufactured with the wild-type SK11.
Since the control cheese was not bitter, however, the role of PepN in debittering
could not be addressed.
Secondary proteolysis in the cheese matrix is also heavily influenced by the
access of peptidases to peptides. Virtually all peptidase activity is intracellular
(Kunji et al., 1996), so starter autolysis must occur for these enzymes to access
peptides in the cheese matrix. Since the degree of starter autolysis varies widely

•

•

among strains (as does the activity of individual peptidase enzymes), different
starters will produce cheese with different sets of low molecular weight peptides and
amino acid pools. Many investigators believe this feature is at least partially
responsible for the flavor differences that are observed in cheeses manufactured
from different starters.
In summary, although the importance of proteolysis in cheese flavor
development is supported by numerous studies which correlated an enhanced rate
of proteolysis with an acceleration in cheese flavor development, identification of
critical enzymes and their products has remained elusive. The development of
molecular biology techniques that facilitate the construction of isogenic strains
which differ only in the activity of a single enzyme or that produce elevated levels
of a specific enzyme, however, has given researchers a powerful new tool that
should help to answer many of these questions in the next decade.
Amino acid catabolism.

•

One mechanism by which proteolysis is thought to affect cheese flavor
development involves amino acid catabolism. The products of amino acid
catabolism, which may arise via decarboxylation, deamination, transamination,
desulfuration, or removal of the amino acid side chain, can have positive or
negative effects on cheese flavor development. Although relatively little is known
concerning the metabolism of amino acids from cheese-related microorganisms, a
general scheme has been reviewed by Hemme et al. (1982), and several labs are
actively addressing this topic.
The production of volatile sulfur compounds such as methanethiol, H 2S,
dimethyl sulfide, and dimethyl trisulfide is believed to be essential for the
development of desirable flavor in a numerous cheese varieties. The most likely
precursors for these compounds are the sulfur-containing amino acids methionine
and cysteine. Recent work by Gao and Steele (1998 pers. comm.), for example,
showed lactococci are able to produce methanethiol, which is believed to play an

•

essential role in the development of Cheddar cheese flavor, from methionine via a
series of reactions that are initiated by an aminotransferase enzyme.

•

In contrast, catabolism of aromatic amino acids is believed to contribute to the
development of off-flavors in cheese. This defect is of particular significance in
reduced-fat cheeses, where the propensity for off-flavor development has
contributed to reduced consumer acceptance of these products. Aromatic
compounds which are believed to produce unclean flavors in cheese include indole,
skatole, p-cresol, and phenethanol. A recent collaborative study between researchers
at Utah State University and the University of Wisconsin-Madison investigated
aromatic amino acid catabolism by starters, adjuncts, and nonstarter lactic acid
bacteria (Broadbent et al. 1997, Gao et al. 1997). Strains were screened for enzymes
able to initiate the degradation of aromatic amino acids then studies were performed
in defined broth media (DM) to identify aromatic metabolites that accumulated in
solution. Studies were also performed in DM adjusted to simulate cheese
conditions (no carbohydrate, pH 5.2, 4% NaCl, incubation at 13-15°C) to determine
whether catabolic pathways remained active in that environment. Results from
those studies are summarized in Figure 4. Starter, adjunct, and nonstarter lactic acid
bacteria were each able to degrade aromatic amino acids under conditions found in
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Cheddar cheese, and pathways involved in these reactions facilitate production of
compounds associated with unclean flavors in cheese. As illustrated in Figure 4,
catabolism of aromatic amino acids by starter, adjunct, and nonstarter bacteria is
almost exclusively initiated by aminotransferase (ATase), although tryptophanase
activity was detected in one nonstarter Lactobacillus spp. able to produce indole
(unpublished data). Direct production of p-cresol, phenethanol, or skatole were not
detected with any bacterium, but ATase activity on Tyr and Phe yielded products
which degraded spontaneously to p-cresol and phenethanol in DM. Those
observations suggest aromatic ATase activity in bacteria trapped in ripening curd
may be significant-to the production of compounds associated with off-flavor
development. In addition, some starter bacteria produce indole-acetic acid from Trp
in a reaction that is initiated by ATase, and this compound may be converted to the
putrid-flavored compound skatole by ruminallactobacilli (Honeyfield and Carlson,
1990).
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Figure 4. Catabolism of tyrosine (A), phenylalanine (B), and tryptophan (C) by
starters and lactobacilli.

Bold or dashed lines represent enzymatic or spontaneous
Enzymes, where identified, have been named in italics.
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Production of dicarbonyls.
Alpha-dicarbonyl compounds such as diacetyl and methylglyoxal also appear
to have crucial roles in Cheddar flavor development (Manning and Robinson 1973,
Olson 1990, Urbach 1995). The butter-flavor compound diacetyl is an important
beneficial flavor compound in young Cheddar cheese (Dacremont and Vickers 1994)
and the products that result from reactions between dicarbonyls ands amino acids or

•

peptides are thought to have an even more significant impact on Cheddar flavor
development (Olson 1990, Urbach 1995). Griffith and Hammond (1989)
demonstrated that reactions between amino acids and dicarbonyl compounds can
generate a wide range of potential cheese flavor compounds with flavor notes
ranging from "rose-like" to "cracker-like", and the range of compounds which can
be produced via these reactions is further increased when reactions with peptides
are considered (lzzo and Ho 1992).
Summary.
Although molecular mechanisms for the evolution of most cheese flavor
compounds remain unclear, studies have shown that starter bacteria, and/ or their
enzymes are essential for proper flavor development. The development of genetic
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•

technologies for the construction of isogenic strains of lactic acid bacteria should
facilitate more rapid progress in this research arena and eventually provide the
dairy industry with the information it needs to consistently enhance and accelerate
flavor development in both low- and full fat cheese varieties. Readers interested in
more comprehensive reviews of cheese flavor research are referred to Olson (1990),
Urbach (1995), and Fox et at (1996).
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Abstract
Streptococcus thermophilus is a lactic acid bacterium used for the manufacture of Italian and Swiss
cheeses as well as yogurt. Due to their extensive growth in this sector, dairy plants are now going
through phage problems with S. thermophilus. The issue of S. thermophilus phages led to intensive
research in this field in the last few years. This review will address the recent advances in the biology
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of S. thermophilus phages and in the development of phage-resistant strains .
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Streptococcus thermophilus
This Gram-positive bacteria has a spherical form ( 1.0 J.Lm in diameter) and is mainly found in pairs
or chains. S. thennophilus strains multiply in the temperature range of 15 to 45°C. The growth is
variable in 2% NaCl but absent at pH above 9.6. This microorganism is facultatively anaerobe,
chemoorganotrophic, catalase negative and its genome has a low G+C content. Lactic acid is
produced from few sugars including fructose, glucose, lactose, mannose, sucrose (41 ). makes They
easily identified by API50CH strips due to their unique carbohydrate fermentation patterns. Based on
the 16S rRNA sequencing, S. thennophilus is phylogenetically included in the salivarius group of
the Streptococcus genus (19). Specific DNA probes are available for the rapid and accurate
identification of the S. thennophilus species (16, 24, 25). Differentiation of S. thennophilus strains
can be attempted using a routine phage typing scheme or by plasmid profile. Both methods have their
drawbacks as S. thennophilus phages have a narrow host range and only 20% of S. thennophilus
strains contain (1 or 2) plasmids (26, 45, 46). Pulsed-Field Gel Electrophoresis and ribotyping are
now the method of choice for the differentiation of S. thennophilus strains (36 - 39).
Bacteriophages
It is well-documented that increased productivity within existing facilities will lead to milk
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fermentation failures due to bacterial viruses, namely lytic phages (33). This natural phenomenon can
cause substantial economic losses and is an ever-present financial threat. A number of studies have
described the general characteristics of S. thennohilus phages (1, 4, 5, 7, 12, 17, 20, 21, 23, 31,
34, 42). The criteria examined included phage morphology (electron microscopy), genome
homology (DNA-DNA hybridization), structural proteins (SDS-PAGE), DNA restriction patterns
(with endonucleases) and host range (plaque assays). To date, investigated S. thennophilus phages
have an isometric head (60 nm in diameter) and a long non-conctractile tail (230 to 260 nm in
lenght). They belong to the Siphoviridae family (contractile tail) of the Caudovirales order (tailed
phages) and are morphologically related to the well-studied phage lambda (35). From a genetic stand
point, their genome is made of double stranded DNA, ranging in size from 30 to 45-kb (23). They
all share DNA homojogy, albeit to different degrees (26). This single DNA homology group led

Mercenier (26) to propose that all S. thennophilus phages are derived from a common ancestor.
Recently, Le Marrec et al. (23) collected and analyzed 30 S. thennophilus phages from 7 different
international collections. They proposed two groups of S. thennophilus phages based on the number
of major (high concentration) structural proteins (MSP) and their mode of DNA packaging. The first
group, which appears more common, comprises phages with two MSP and cohesive genome
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extremities (cos-type). The second group includes phages with three MSP and a DNA packaging
scheme which proceeds via the headfull mechanism (pac-type). Therefore, it seems that S.

thermophilus phages have originated from at least two ancestors which had different set of structural
and replication proteins (23). The biological significance of this classification is unknown but this
phage diversity should be considered in the development of phage-resistant strains.

Lytic cycle
Because phages are essentially genes wrapped into a protein coat, they cannot multiply without a
host cell. To start the multiplication cycle (called lytic cycle), a phage adsorbs to an actively growing
cell by binding to a specific receptor on a cell surface. These receptors are currently unknown in S.

thermophilus. In I.actococcus lactis, the adsorption is a two-step process. In the first reversible
action, the phage tail adsorbs to a carbohydrate component of the cell wall (50). Then, the phage is
irreversibly anchored to a membrane protein (51). Molecular characterization of L. lactis phages
showed that a protein (localize at the tip of the tail) had a calcium-binding site, confrrming the
importance of calcium for the proper attachement of the phage to the starter culture. These results
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also emphasized the use of phosphate-containing medium (to sequestrate calcium) as an extra
protection for propagation of starter cultures. Mter the adsorption, the phage ejects its DNA into the
cell and take control of the starter metabolism. The phage DNA is replicated and many copies are
accumulated within the cell. Phage proteins are synthesized and assembled. Finally, the infected cells
break open and numerous progeny phages are released into the environment and ready to infect other
sensitive cells. The lytic cycle takes about 25 to 30 minutes for most S. thermophilus phages. The
number of phages released per cell is variable, from 50 to 250 phage/cell (21).

Lysogeny
In addition to the lytic cycle, some phages can undergo a lysogenic cycle. In this case, the
(temperate) phage do not multiply but instead, integrates its DNA into the host chromosome. The
state of lysogeny continues almost indefinitely until the temperate phage is induced (e.g. during
damage of the host chromosome). Then, the phage goes into the lytic mode and produce more
phages which can lysogenize other cells. In theory, a starter culture can be a source of phages within
a plant as lytic phages can be generated from a temperate phage by spontaneous deletions in the
lysogeny module (7, 9, 10). However, it is probably not very frequent at the industrial level, for two
main reasons. First, very few strains of S. thermophilus have been shown to be lysogenic (5, 12,
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17, 23). Secondly, testing the lysogeny is part of the process for the selection industrial strains. If
determined to contain temperate phages, the strain will be discarded.
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Phage Ecology
To establish a prevention program, it is essential to identify the source of phages. Bruttin et al. (8)
observed that new S. thermophilus phages, isolated after the introduction of an unique
thermophilic starter culture into a factory, were not derivatives of the resident phage population.
These phages were traced back to raw milk, a natural reservoir of S. thermophilus phages. The
new S. thermophilus phages appear to reflect a natural diversity rather than their evolution within a
factory.
Most S. thermophilus phages studied so far were isolated from only 4 countries namely, France,
Germany, Italy and Switzerland (31, 34, 1, 21, 5, 23). As stated by Brtissow et al. (3), a greater
coverage of phages from other areas is needed as studies could be influenced by a strong
geographical bias. We have recently isolated three new distinct S. thermophilus phages from two
Canadian cheese plants (49). Biochemical and genetics studies showed that the 3 phages are
members of the 2 MSP/cos group proposed by LeMarrrec et al. (23). Interestingly, one CanadianS.
thermophilus phage was similar to a phage isolated three years ago from a whey sample in Utah

•

(28). As the host play a critical role in the selection, the general use of commercially-available S.
thermophilus strains could be an explanation for such re-isolation. It also suggests that the molecular

events leading to the emergence of these lytic phages are relatively frequent.

Phage detection
For many years, the inadequacy of plaque assays was a major hindrance to the developement of S.
thermophilus phage research. Le Marrec et al. (23) showed that Elliker medium supplemented with

beef extract (10 giL), 8-glycerophosphate (19 giL) and calcium chloride (10mM) was the best
method for S. thermophilus phage/host systems. Another recent developement in the field of S.
thermophilus phage detection was made by Brtissow's group from Nestle (5). A PCR-based method

was developed for the detection of S. thermophilus phages in cheese whey. The PCR test allowed
the detection of 1Q3 phages I ml of cheese whey. Although, the authors added that since PCR
requires special equipments and skilled laboratory personnels, it is not clear whether this method will
find its way into the dairy industry (5) .
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Genetic of S. thermophilus phages
DNA sequence data is rapidly accumulating for S. thermophilus phages (3). However, genomic
DNAs sequenced so far were from phages isolated in the same ecological niche (yogurt) of two
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countries (France and Germany). Complete genome sequence is available for only one S.
thermophilus phage, namely !1S01205. This temperate phage of the 3MSP/pac group was isolated

from the lysogenic French strain CNRZ1205 used to manufacture yogurt. Phage 01205 has a
genome size of 43,075 bp with 57 open reading frames (ORFs) (47). Over 17-kb of nucleic acid
sequences is also available for two other French yogurt isolates, the temperate !1SSfi21 and the lytic
!1SSfi19, both of the 2MSP/cos group (7, 9, 10 ; 13, 14). Only 10% of the sequence was different
in these two phages and were due to punctual mutations. Finally, Neve et al. (32) determined the
sequence of the lysogenic module of the temperate phage TP-134 (3MSP/pac) which was isolated
from the S. thermophilus strain 134 used for the production of yogurt in Germany. The availability
of complete genome of S. thermophilus phages should give information about their evolutionnary
divergence (6) and lead to the mechanisms responsible their genetic diversity (14). Understanding
the mechanism creating this biodiversity is of great interest from a fundamental standpoint but also
of importance for the development of innovative phage control programs.

Control phages with the rotation
From a culture manufacturer standpoint, a successful way of dealing with phages is to rotate starter
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to avoid the development of specific phages. The rotation is based on the availability of a sufficient
number of different and phage-unrelated strains. Difficulty in identifying truly phage-unrelated
strains and the non-uniform fermentations due to strain differences, are among problems associated
with rotation schemes. From an evolutionary view, the use of different strains also favors the
presence of a heterogenous phage population and the potential for recombinations within the phage
gene pool. In fact, history has proven that despite a rotation system, virulent phages will eventually
appear and build up within the plant. However, it is reassuring to observe that many S. thermophilus
phages propagate on a very limited number of strains.
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Phage-resistant strains
Developing a starter culture for a dairy fermentation is a relatively long process where strains are
carefully selected based on numerous criteria. Thunnel (48) listed 15 traits that needed to be
characterized in a well-defined thermophilic starter. When the strains are selected after this long
process, there is an obvious pressure to extensively use them. The quest for uniform
fermentations/products is another factor that favors the repeated use of performing starter cultures.
Unfortunately in dairy fermentations, the presence of phages and their evolving capabilities will
prevent this long term use. Various techniques have been used to "save" the selected strains and
"construct" phage-resistant derivatives. However, most of the work has been done with the
mesophilic starter Lactococcus lactis.

Bacteriophage-Insensitive Mutants (BIMs)O
Historically, the development ofBIMs has been the method of choice for the construction of phageresistant starter cultures. BIM is the term used to describe a spontaneous resistant bacteria which
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survives long exposure to a lytic phage. For most BIMs, the challenging phage can no longer adsorb
to the cell, presumably due to mutations in the receptor. Although, this technique has real advantages
(simplicity and rapidity), it also has drawbacks. It can be short-lived as the mutation reverts to its
original form. The resistance can be phage-specific. Some metabolic properties can also be lost or
reduced while generating BIMs. Thus, exploiting natural evolutionary processes to develop phageresistant derivatives is feasible but can be unpredictable.

Natural anti-phage systems
Significant progress in the genetics of Lactococcus has established the basis for designing new
phage-resistant strains through genetic modifications (15). L. lactis strains were found to possess
many plasmids coding for natural defense mechanisms against phages. In 1986, the first
construction of a phage-resistant strain was reported, when such a plasmid was introduced into a
industrial phage-sens_itive L. lactis strain (40). The second generation of phage-resistant cultures was
homed. Numerous laboratories worlwide have used the same strategy and these strains are now used
extensively in dairy countries (15).
A different situation is found in S. thermophilus for which very few anti-phage systems have been
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reported. One reason might be that only recently genetic techniques are available to manipulate S .
thermophilus (30). The relative absence of plasmid might be another explanation for the scarcity of
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known phage resistance mechanisms in S. thermophilus (28). Nevertheless, four chromosomally
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encoded systems have been identified inS. thermophilus (2, 18, 43, 44). None of the genes have
been cloned or sequenced, let alone used in commercial strains for improvement of phage resistance.
The rarity of plasmids and the chromosomal location of phage defense barriers identified in S.

thermophilus thus far, make it more difficult to develop food-grade startegies to improve phage
resistance in this species (28).

Other microbiological approaches for phage control
A possible alternative is to introduce phage resistance mechanisms from Lactococcus into S.

thermophilus. Recently, we reported the expression of a L. lactis anti-phage system in S.
thermophilus (27, 28). This genetic modification conferred strong resistance against the two phage
groups of S. thermophilus.
Another interesting idea to control bacteriophage is to replace S. thermophilus strains in starter
blends with lactic acid bacteria from a different genus or species. Pediococcus strains, geneticallymodified to ferment lactose, were proposed as potential replacement for S. thermophilus (11).
In some large dairy plants, the manufacture of different cheeses in rotation has been shown to

•

successfully limit phage problems (29). A cheese diversification scheme allows the use of different
type of starters which are diluting the population of specific phages.

Conclusions
Many S. thermophilus research programs are now in progress in many countries. These research
programs will increase our basic and fundamental knowledge on phages of this industrially
important bacteria. Since phages will always be present in dairy environs, our practical aim should
be at controlling dairy phages rather than trying to totally eliminate them.
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Introduction
Increases in Italian and pizza cheese consumption has focused attention
on the need for additional research into the microbiology and genetics of the

•

lactic starter cultures used in these fermentations. Starter cultures can have a
significant impact on the body and texture of cheese as well as on functional
properties such as melting. As knowledge related to the physiology, genetics,
and general microbiology of thermophilic lactic acid bacteria expands, new
strategies are becoming available to improve product quality and broaden
product diversity, particularly for reduced fat cheeses.

Stress response in Lactobacillus
Despite extensive industrial application, knowledge of basic
physiological adaptations by lactic acid bacteria (LAB) to dairy processing
conditions remains limited. Better understanding of adaptive responses in lactic
starter cultures is important because dairy processing often subjects these
bacteria to adverse environmental conditions, including temperature extremes
(Kosikowski, 1982; Mayra-Makinen and Bigret, 1993). Although relatively little
•

is known about stress responses in lactobacilli, many of these responses,

2

including heat shock (HS), are considered ubiquitous (Ang eta/., 1991). In
other bacteria, heat shock proteins (Hsps) are involved in gene regulation, cell

•

survival, and bacteriophage replication (Neidhardt and VanBogelen, 1987).
Since each of these properties has application in dairy fermentation, studies of
adaptive physiology in dairy lactobacilli may facilitate current efforts to improve
bacterial activity, phage resistance, and functionality in fermented dairy foods.
Our group has investigated the HS response in three industrially
important species of dairy Lactobacillus. HS-induced thermotolerance has
been reported in many species (Auffray eta/., 1995; Whitaker and Batt, 1991),
and our experiments showed HS also improved the ability of log phase L.
acidophilus NCFM, L. casei LC301, and L. he/veticus LH212 cells to withstand
a 20 min high temperature incubation (Broadbent eta/., 1997}. Although the
increase in thermotolerance was significant (P < 0.001) in all three lactobacilli,
the magnitude of this response varied from less than a 5-fold increase in
survival for L. casei LC301 (at 420C) to 11- and 27-fold increases in L.

•

helveticus LH212 and L. acidophilus NCFM, respectively. Autoradiography of
20-PAGE gels which contained 35S-Iabeled proteins isolated from L.
acidophilus NCFM indicated that HS at 500C induced or increased the
expression of at least 24 Hsps. Similar experiments with L. casei LC301
revealed HS at 42oc induced approximately 15 proteins, while HS at 520C in

L. helveticus LH212 induced at least 18 proteins (Broadbent et a/., 1997).
Western blots revealed these molecules included homologs to the universally
conserved heat shock proteins DnaK, , ClpB, GroEL, and GrpE. DnaJ was also
detected but expression of this protein was not stimulated by HS in any of the
Lactobacillus species tested.
In general, stress proteins produced by bacteria can play a role in gene
regulation, cell survival, proteolysis, and bacteriophage replication. For
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example, in E. coli, GroEL, DnaK, DnaJ, and GrpE heat shock proteins are
required for replication of one or more bacteriophages. This association
between phage and Hsps observed in E. coli needs to be investigated in lactic
acid bacteria. Stress induced changes in protein profiles and the resulting
metabolic activities that occur during processing could influence cheese flavor
and functionality.

GroESL Characterization
One strategy utilizing Hsps is to develop an inducible expression system
for cheese starter cultures. Essentially this would be a heat-triggered gene
switch that would cause the starter bacteria to produce specific proteins during
a specified time of processing. These induced proteins could include
proteinases, peptidases, bacteriocins, or enzymes to synthesize

•

exopolysaccharides. These ingredients would not need to be added into the
milk (and lost in the whey), nor would they have an effect on yield (such as
proteinases added to the starter media).
The Western blots also showed that GroEL expression in L. helveticus
LH212 was the most tightly regulated and heavily induced HS protein among
these three species. Based on that observation, studies were performed to
investigate GroEL expression and regulation in L. helveticus LH212. The
nucleotide sequence of the L. helveticus LH212 groESL operon was
determined by inverse polymerase chain reaction (PCR), and transcriptional
regulation of groEL in response to HS was investigated by Northern
hybridization.
The L. helveticus LH212 groESL operon was contained within a 2.7kilobase region of the chromosome that also included the 5' end of a

•

downstream open reading frame (ORF) (Broadbent eta/., 1998). Protein
homology searches showed amino acids encoded by the truncated open
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reading frame downstream of groEL showed homology to the Streptococcus
pneumoniae DNA mismatch repair enzyme, HexA. A large inverted repeat that

•

may function as a rho-independent transcriptional terminator was located
between groEL and the third OAF, which indicated that groES and groEL were
probably part of an operon whose transcription did not include OAF 3.
Nucleotide sequence analysis identified a putative transcriptional
promoter upstream of groES comprised of -35 and -10 hexamers flanked,
upstream and downstream, by copies of the conserved Gram-positive heat
shock gene regulatory sequence, CIRCE (controlling inverted repeat of
chaperone expression) (Weitzstein eta/., 1992; Zuber and Schumann, 1994).
In the groESL and dnaK operons of most eubacteria, CIRCE is consistently
located downstream of a vegetative promoter sequence between the
transcription start point and the start codon for the first OAF (Weitzstein eta/.,
1992}. In contrast, CIRCE placement in HS gene promoters from lactic acid
bacteria shows much greater flexibility; the sequence may occur upstream,

•

downstream, or even on both sides of the vegetative promoter sequence. The
influence, if any, of alternative CIRCE arrangements on the transcriptional
regulation of HS gene promoters in lactic acid bacteria is unknown but under
investigation in our laboratory. Another interesting observation was that the L.
helveticus groES gene utilized the uncommon start codon UUG. The

importance of UUG and other rare initiation codons in the genus Lactobacillus
is unknown, but in Escherichia coli and Bacillus subtilis, non-AUG initiation
codons act to limit the expression of a gene product at the translational level
(Vellanoweth, 1993).
Northern hybridization of a LH212 groEL gene fragment to RNA isolated
from cells that had been heat shocked at 52oc for 0, 5, 10, or 15 min detected a
2.2-kilobase transcript in each of the cell preparations. Densitometry showed
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the concentration of this mANA species was approximately 4-fold higher after
heat shock for 5 or 10 min and 3-fold higher after 15 min of heat shock. This
could be increased by CIRCE manipulation or a better understanding of the role
of UUG.
Analysis of HS genes and their promoters may lead to the development
of an expression system for starter cultures allowing bacteria to produce high
levels of a desired protein during a specific stage of cheese manufacture. Our
laboratory is currently investigating this application by inserting marker genes
behind the groESL promoter and studying expression.

Exopolysaccharide Production
EPS-producing lactic acid bacteria have been used by the dairy industry
in yogurts and fermented milks to increase viscosity, improve texture, and

•

decrease syneresis. They also show potential in reduced, low, and nonfat
cheeses, particularly to influence cheese body, texture, and functionality.
Various water-binding agents have been added to low-fat Mozzarella
cheese to improve functionality since the cheese's texture is influenced by its
moisture level (Merrill eta/., 1994). Analysis of cheese microstructure has
shown that in full-fat or part-skim Mozzarella, the fat and a large portion of the
water are located within channels formed by fat globules when the cheese curd
is heated and stretched (McMahon, eta/., 1993). In low-fat Mozzarella cheese,
there are very few fat globules to break up the protein matrix, resulting in less
space for water retention. As a consequence, the cheese has a tough and
rubbery texture and poor melt properties.
Many strains of LAB produce an exopolysaccharide (EPS) that is either
tightly associated with the bacterial cell wall (i.e. cell capsule) or liberated into

•

the growth medium as a loose slime (Cerning, 1995). EPS may be produced as
a homopolysaccharide composed of a single type of sugar monomer or as a
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heteropolysaccharide that contains several types of sugar monomers
(Sutherland, 1972). Because EPS have viscosifying, stabilizing, or water-

•

binding properties in foods, these polymers are sometimes used as effective
natural alternatives to commercial stabilizers (Cerning, 1990). For these
reasons, our group has investigated the use of EPS+ LAB as moisture binding
agents for reduced-fat and low-fat Mozzarella cheese.
Our results showed that an EPS+ starter pair, S. thermophilus MR-1 C
and L. delbrueckii ssp. bulgaricus MR-1 R, could be used to significantly
increase moisture levels of low-fat Mozzarella cheese (Perry eta/., 1997; Perry
eta/., 1998) (Table 1). Analysis of low-fat Mozzarella cheese made with
different combinations of EPS-producing (S. therrnophilus MR-1C and L.
delbrueckii ssp. bulgaricus MR-1 R) and non-EPS-producing (S. thermophilus
TA061 and L. helveticus LH100) starter cultures showed this effect was due
exclusively to the presence of S. therrnophilus MR-1C. Cheeses made with S.
thermophilus MR-1C, with or without L. delbrueckii ssp. bulgaricus MR-1 R, had

•

an average of 1.3% more moisture than cheeses made with the non-EPS
producing cocci (Table 2).
Stingele eta/. (1996) characterized the eps gene cluster of S.
thermophilus Sfi6 and showed that EPS biosynthesis in that bacterium involved
13 genes, epsA-epsM, that are sequentially arranged on a 14-kb pair fragment
of the Sfi6 chromosome. Partial characterization of the S. thermophilus M R-1 C
eps gene cluster by PCR showed that it was similar in organization to that of S.
thermophi/us Sfi6 from epsA to epsF. Deduced amino acid sequences in the
EpsA to EpsF region of S. thermophi/us MR-1C indicated that these proteins
are between 95 and 99% identical with those in Sfi6 (Table 3). To determine
whether the S. thermophilus MR-1C EPS was responsible for the water-binding
property of this bacterium, EPS production in MR-1 C was abolished by
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inactivation of the epsE gene (Low eta/., 1998). Moisture analysis of cheese

•

made with L. helveticus LH100 and S. thermophilus MR-1C or the MR-1C EPSmutant, showed that cheese made with DM1 0 contained 3.5% less water than
cheese made with MR-1C (Table 4). This demonstrated the water-binding
property of S. thermophilus MR-1 C in cheese was due to its capsular EPS.
Compositional analysis of the MR-1 C EPS by GC-MS showed the most
abundant monosaccharides in the MR-1C capsule were galactose (70.8 mole
%) and rhamnose (18.3 mole%}. An additional deoxysugar was identified as
fucose (6.6 mole%) (Low eta/., 1998). These data suggest the MR-1C
capsule is an octameric basic repeating unit composed of 0-galactose, Lrhamnose, and L-fucose in a ratio of 5:2:1. Fucose has not been previously
reported in exopolysaccharides from LAB. In addition, methylation data for the

•

MR-1C capsule suggested that it may be structurally similar to the S .

thermophilus OR 901 EPS (Bubb eta/., 1997}, except that L-fucose is
substituted on the terminal L-rhamnose residue.
Current research in our lab is centered around cloning the entire gene
cluster and then transferring the gene cluster to other LAB for expression
studies. In addition, the effect of this novel EPS on whey properties is under
investigation.

Since this EPS remains tightly bound to the cell and has been

clearly demonstrated to improve moisture retention and cheese functionality, it
shows potential for use in cheesemaking.
Galactose Utilization
Residual galactose in cheese can promote Maillard browning during
high-temperature cooking of pizza and this reaction can be problematic
because excess browning makes the product less appealing to consumers

•

(Matzdorf eta/., 1994). Thus, the capability to metabolize galactose is a
desirable characteristic in dairy starter cultures, particularly those involved in
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Mozzarella cheese production (Oberg and Broadbent, 1993). Previous work
showed the value of using Lactobacillus helveticus strains in the starter to

•

remove residual galactose (Oberg et al., 1991), but it would be much better to
use a galactose-fermenting cocci instead of a rod.
One surprising result from the previous EPS study was that, in addition to
its native ability to ferment lactose, glucose, and sucrose, DM1 0 (the EPS
negative mutant) had acquired the ability to ferment galactose. Most strains of

S. thermophilus metabolize the glucose moiety of lactose and export the
galactose moiety into the medium via an antiport system for lactose uptake
(Hutkins and Ponne, 1991). Strains of S. thermophilus typically are unable to
ferment galactose, yet genes encoding the key Leloir enzymes have been
isolated from this species (DeVos, 1996). This finding has fueled speculation
that in S. thermophilus, Leloir enzymes may function primarily in the production
of uridine diphospho sugar precursors for EPS biosynthesis (Poolman, 1993).
Nevertheless, De Vos (1996) has reported that Gal+ S. thermophilus can be

•

obtained by mutations in the gal promoter region which increased
transcriptional activity, and suggested that the Gal- phenotype of this bacterium
was due to very low level expression of Leloir enzymes. The S. thermophilus

epsE gene is thought to encode the galactosyltransferase that catalyzes the first
step in the assembly of the EPS basic repeating unit, i.e., transfer of galactose1-phosphate from UDP-galactose to the undecaprenyl-phosphate lipid carrier
(Stingele eta/., 1996). As a consequence, inactivation of epsE may be
expected to result in an accumulation of UDP-galactose within the cell. Since
overproduction of phosphorylated sugars can be toxic, survival and growth of S.

thermophilus DM10 may have required a Gal+ phenotype. Experiments are
now underway to determine whether the acquisition of this phenotype was a
primary (e.g. UDP-galactose was an inducer of the gal operon) or secondary
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(e.g. coincidental mutation in the gal promoter region) effect of epsE inactivation
inS. thermophilus DM10.
Transformation of pediococci with pPN-1 (a plasmid containing lactose
utilization genes) also influenced galactose uptake in the lactose-positive
transformants. The amount of galactose accumulated by these Pediococcus
transformants under non-competitive conditions was approximately 3-fold
higher than that of the respective parental strains (Caldwell, eta/., 1998).
Levels of residual galactose were significantly lower (P < 0.01) in RSM
fermented with L. helveticus LH100 and P. acidilactici SAL or P. pentosaceus
SPL-2 (both lactose positive transformants) starter blends than in RSM
fermented with a traditional Mozzarella starter pair. Thus, Lac+ pediococci
transformants may help to reduce browning of Mozzarella cheese during pizza

•

baking .
These two developments with the cocci portion of the thermophilic starter
pair are potential strategies to remove unwanted galactose from the cheese and
eliminate excessive browning during cheese baking.

Conclusion
As we increase our knowledge of thermophilic culture physiology we
may be able to better predict the cultures affects on product quality and
functionality. Manipulation of physiological traits could lead to cultures that
impart desirable properties to fermented milk products or increase culture
efficiency.
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TABLE 1. Effect of EPS producing cultures on moisture retention in
low fat Mozzarella cheese at day one.
Vat Size and Stretching

Moisture Level(%)

•

Melt(cm)

10 kg vats and hand stretched
BPS producing culture

61.0 ± 0.47

12.1 ± 0.62

Non BPS producing culture

58.2 ± 0.50

10.7 ± 0.41

363 kg vats and stretched
BPS producing culture

57.1 ± 0.35

10.6 ± 0.5

Non BPS producing culture

55.3 ± 0.15

9.5 ± 0.1

22,500 liter vats and mechanically stretched (21% fat)
1.5% increase over non BPS culture'

BPS producing culture
1

Data courtesy of Gist-brocades International BV, Dairy Ingredients Group

•

TABLE 2. Analysis of variance for moisture of low-fat Mozzarella
cheese as a function of starter culture.
F value

p

24.41

0.0006

0.017

0.12

0.7444

4.877

4.877

33.68

0.0011

0.002

0.002

0.01

0.9131

Source

DF

Model

5

17.674

3.535

Error

6

0.8688

0.145

Corrected Total

11

18.542

1

0.017

Coccus

1

Rod *Coccus Interaction

1

Rod '

Sum of Squares Mean Square
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TABLE 3.

Homologies between genes involved in exopolysaccharide

biosynthesis in Streptococcus thermophilus strains MR-lC and Sfi6.
Region sequenceda

Gene

•

%homology
DNA

protein

epsA

1227-2011

98.1

97.9

epsB

2679-3040

95.6

97.5

epsC

3330-3579

97.2

95.2

epsD

3840-4268

98.1

96.5

epsE

4627-5077

98.4

99.3

epsF

5656-6227

97.9

96.0

aNucleotide positions are based on S. thermophilus Sfi6 nucleotide sequence (24) .

TABLE 4. Influence of the Streptococcus thermophilus MR-lC capsular
exopolysaccharide on the moisture content of low-fat Mozzarella cheese.
Cheese moisture level (%t
Starter combination
Streptococcus thermophilus DM10 plus

trial1

trial 2

trial 3

57.7 ± 0.2

58.8

± 0.5

58.8

± 0.1

61.2 ± 0.0

62.8

± 0.5

61.8

± 0.4

Lactobacillus helveticus LH100
Streptococcus thermophilus MR-1C plus
Lactobacillus helveticus LH100

•

aMeans from duplicate samples ± standard deviation
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INTRODUCTION

2
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The role of bacteria is well established in flavor development of Cheddar
cheese. Numerous advantages are associated with the addition of starter
cultures to milk to make cheese. Flavorful cheese is a result of many
interacting components during cheese making and aging. This presentation
will outline some techniques that maybe used during manufacture but will
focus on the role of bacteria addition in relationship to this process.
Production of Cheddar cheese requires months at refrigeration temperatures
to produce a flavorful product that lacks defects such as bitterness, off flavors,
or acid. Due to the high cost of ripening cheese, it is desirable to produce the
flavor faster. However, this is not easy. It has been the goal of many
researchers and industrial plants to achieve this result, but consistent success
has eluded all at this point.
Flavor is a balance of desirable and undesirable flavors, as well as volatile and

•

nonvolatile compounds. Long lists of compounds have been generated that
catalogues the compounds and levels for each in cheese. However, the exact
compound or set of compounds that produce Cheddar cheese flavor are
lacking, as are the mechanisms for the production of most chemical
associated with flavor. Undesirable compounds, such as the aromatic phenol
derivatives, have been defined to cause off flavors. Recently, these
biochemical pathways were determined in bacteria used in cheese making.
Control of these compounds during aging maybe possible in the near future.
Production of desirable compounds is somewhat more difficult, but
sulfur-containing compounds are associated with desirable flavors during
aging. The mechanism of production of these flavors and their exact
relationship to cheese flavor are not understood. Recently, the mechanism of
production has become more clear, but even more is unknown for these
compounds.
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These holes in our knowledge about bacterial physiology and metabolism,
and the interaction with temperature, oxygen content, and nonstarter
populations, has a negative impact on the consistent production of flavorful
Cheddar cheese.

CULTURES & FLAVOR
Starter culture selection is a key parameter for producing cheese flavor. This
has been known for many years. However, the exact reason behind the
selection is still a mystery. Practical reasons of phage resistance and fast acid
are important, but tend to lead to cultures that lack the ability to produce
flavor.
•

Starter cultures, as discussed by Dr. Broadbent, generally direct flavor
development based on the type of proteinase they contain. Proteolysis is the
first critical step in flavor development and seemed to be a logical selection as
a mechanism for flavor acceleration. As such, characterization of the
proteolytic system (proteinase and peptidase system combined) of lactococci
has been studied extensively. Lactobacilli are not far behind and tend to have
the same enzymes as lactococci. However, this choice seems to be of limited
use since over expression of components of this system have little ability to
speed the ripening rate.
Use of flavor adjunct bacteria, especially lactobacilli, is a method to increase
the rate of flavor development. Special care must be taken when selecting the
adjunct to ensure that the addition yields desirable than undesirable flavors.
Based on this, lactobacilli have been the adjunct of choice for the past few
years. Unfortunately, recent data suggests that lactobacilli tend to produce

•

more undesirable or unique flavors that are not normally found in Cheddar

4
cheese. A comparison of lactobacilli and brevibacteria found that consumers
preferred Cheddar cheese made with brevibacteria (Weimer et al., 1997). This
maybe linked to the different metabolic characteristics between these bacteria.

•

Addition of a completely different set of enzyme systems maybe be beneficial
in producing better flavors faster without production of off flavors. For
example, addition of brevibacteria to Cheddar cheese changes the peptide pool
during ripening (Ummadi and Weimer, 1998).

Interactions between the starter and adjunct organism significantly impact
cheese flavor (Weimer et al., 1997). Therefore, use of any starter with any
adjunct will not always produce desirable results and in many cases will
produce more off flavors than either of the cultures alone. Careful strain
selection based on specific traits are needed to encourage development of
flavorful cheese that may have a hope for inclusion in an accelerated
ripening program.

METABOLISM

•

Metabolic end products from bacteria during cheese making and ripening
impact cheese flavor. This is associated with the ripening temperature and
the metabolism of the cells or enzymes. Lack of lactose in ripening cheese
also an impact on the bacterial metabolism which in turn changes the flavor
profile.
This leaves amino acids and fat as sources of the precursers to flavor
compounds. Recent, experiments by Broadbent, Johnson, Steele, and Weimer
show that amino acid metabolism is important in cheese flavor
development. Further experiments suggest that increasing temperature to
10-13oC with the addition of brevibacteria accelerates cheese flavor by 4 to 6

•

5

•

mon. This has been done twice, but further work is needed to determine the
consistency of the procedure.
Conversion of amino acids to sulfur compounds is an area that has shown
promise in promoting accelerated ripening. Previous use of cell free extracts
and undefined enzymes systems has produced some beneficial effects.
However, this approach often leads to uncontrolled flavor production and
"over" ripening. This maybe attenuated by adding bacteria that contain the
enzymes of interest so it remains under cellular control for the expression
levels to remain low.
Finally, conversion of amino acids to fatty acids may also play a role in flavor
acceleration. Lipolysis of milk triglycerides may account for some of this
production, but over expression of the primary lipase from lactococci did not
improve or accelerate flavor development (Holland et al., 1997). An

•

alternative is to produce fatty acids from amino acids. Unique fatty acids are
found in cheese that are not found in milk fat, suggesting this maybe possible.
Benefit of this metabolic characteristic remains to be shown.

CONCLUSION
Consistent production of accelerated ripened Cheddar cheese requires careful
selection of bacteria with specific traits, use of defined production techniques,
and refinement of temperature increases during ripening. Selection must be
based on metabolic capability in addition to phage resistance and fast acid
production .

•

•
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Methanethiol has been strongly associated with desirable Cheddar cheese flavor and can be formed from the
degradation of methionine (Met) via a number of microbial enzymes. Methionine -y-lyase is thought to play a
ml\ior role in the catabolism of Met and generation of methanethiol in several species of bacteria. Other
enzymes that have been reported to be capable of producing methanethiol from Met in lactic acid bacteria
include cystathionine P-lyase and cystathionine -y-lyase. The objective of this study was to determine the
production, stability, and activities of the enzymes involved in methanethiol generation in bacteria associated
with cheese making. Lactococci and lactobacilli were observed to contain high levels of enzymes that acted
primarily on cystathionine. Enzyme activity was dependent on the concentration of sulfur amino acids in the
growth medium. Met aminotransferase activity was detected in all of the lactic acid bacteria tested and exketoglutarate was used as the amino group acceptor. In Lactococcus /Qctis subsp. cremoris S2, Met aminotransferase was repressed with increasing concentrations of Met in the growth medium. While no Met aminotransferase activity was detected in Brevibacterium Unens BL2, it possessed high levels of I.-methionine -y-lyase that
was induced by addition of Met to the growth medium. Met demethiolation activity at pH 5.2 with 4% NaCI was
not detected in cell extracts but was detected in whole cells. These data suggest that Met degradation in Cheddar
cheese will depend on the organism used in production, the amount of enzyme released during aging, and the
amount of Met in the matrix.

The primary classes of compounds that contribute to cheese
flavor include amino acids and their degradation products,
peptides, carbonyl compounds, and fatty acids. These partition
primarily into the aqueous fraction of cheese (3). The volatile
fraction of cheese has sulfur-containing compounds such as
methanethiol, methional, dimethyl sulfide, dimethyl tetrasulfide, carbonyl sulfide, and hydrogen sulfide (28), and they contribute to the aroma of cheese (7). Methanethiol has been
associated with desirable Cheddar-type sulfur notes in goodquality Cheddar cheese (2), and it is also implicated as an
influential aroma and flavor compound in many foods, including surface-ripened cheeses that use brevibacteria (17). However, methanethiol, when present alone, does not contribute +t~
typical Cheddar-like flavor notes in cheese (17).
"'
Production of methanethiol is important in cheese, but the
Met biosynthetic and catabolic pathways vary among bacteria
(23). The mechanisms involved and amounts of methanethiol
produced during cheese ripening also vary. In an effort to
increase and accelerate the development of typical Cheddar
cheese flavor, adjunct bacteria have been used during the manufacture of low- and full-fat cheese. Initial selection of flavor
adjunct cultures focused on those bacteria used to accelerate
flavor development in full-fat cheese, which are typically lactobacilli because they dominate (10 7 to 109 CFU/g of cheese
during storage at 8°C) the microflora during aging (15). The
Lactobacillus genus is considered to be a member of the nonstarter lactic acid bacteria subgroup because it is not added
with the starter culture for Cheddar cheese. In addition to
• Corresponding author. Mailing address: Western Dairy Center,
Department of Nutrition and Food Sciences, Utah State University,
Logan, UT 84322-8700. Phone: (435) 797-3356. Fax: (435) 797-0103.
E-mail: Milkbugs@cc.usu.edu.
t Approved by the director as contribution 6067 of the Utah Agricultural Experiment Station.

lactobacilli, micrococci and pediococci have been used as adjunct bacteria to aid in flavor development (20). Brevibacteria,
which are normally found on the surfaces of Limburger and
other Trappist-type cheeses, are not traditionally used as flavor
adjuncts in Cheddar cheese. One advantage these organisms
have over other adjuncts is their profuse production of methanethiol (8). Weimer et al. (30) successfully used Brevibacterium linens as an adjunct to improve the flavor of low-fat Cheddar cheese.
The mechanism for the production of methanethiol in cheese
by bacteria can be a result of the direct catabolism of Met or it
can arise from inadvertent catalysis by other enzymes (1, 6, 17).
The most direct route to methanethiol is the conversion of Met
to methanethiol, ammonia, and a-ketobutyrate (Fig. 1). This
transformation is catalyzed by inducible Met -y-lyase, a pyridoxal phosphate (PLP)-dependent enzyme (24) which has been
purified to homogeneity from Pseudomonas putida (14, 26), Aeromonas spp. (27), and Clostridium sporogenes (16) and partially
purified from B. linens (6).
Pathways leading away from Met are important to consider
because this amino acid is central to many other critical metabolic functions (Fig. 1). Utilization of Met for other metabolic
functions would lower the pool of Met available for conversion
to methanethiol. Methionine adenosyltransferase (S-adenosylmethionine rsAM] synthetase) converts Met into SAM at
the expense of one ATP. SAM, one of the major methylating
agents in a cell, is also important in the regulation of several of
the Met-biosynthetic enzymes (22). Reduced SAM synthetase
activity leads to low intracellular levels of SAM, resulting in the
induction of the Met-biosynthetic pathway (32).
Another mechanism that directs Met away from methanethiol is the deamination reaction to form a-keto -y-methyl thiobutyrate (IO.:lTB). This conversion can be catalyzed by various
aminotransferases (33) or amino acid oxidases (21). These enzymes are common in bacteria and are usually the last step in
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other~reactions

ugation (8,000 X g for 30 min at 4•q, the supernatant was collected a n .
considered to be the cell extract (CE).
Protein assay. The total protein oontent of each CE was determined by the bicinchoninic acid assay (Pieroe Cltentical Co~ Rockford,JII;-) acoording to the man- 1\"I 1ufacturer's instructions. Bovine serum albumin was use<flo obtain a standard curve.
a-keto y-thiomethylbutyrat~
MTPC. The methanethiol-producing capacity (MTPC) of each organism was
determined as described by Ferchichi et al. (8). Methanethiol produced from
L-Met was reacted with 5,5'-dithio-bis-2-nitrobenzoic acid (DTNB; Sigma Chemical Co.) to produce a yellow aryl mercaptan that can be detected spectrophoMethanethiol
other products
tometrically at 412 nm. Controls with substrate plus DTNB only and cells plus
DTNB only wen: also included. A standard curve was obtained with different
FIG. I. Metabolic pathways for Met interoonversion. The primary intermeconcentrations of ethanethiol. At pH 5.2, 0.05 M potassium citrate buffer was
diates and enzymes are listed. Enzyme 1 is cystathionine y-lyase, enzyme 2 is
used; however. at pH 7.2, a 0.05 M potassium phosphate buffer was used. Data
cystathionine [3-Jyase, enzyme 3 is cystathionine ~-synthase, enzyme 4 is homoare reported a' means of results from duplicate reactions.
cysteine methyltransferase, enzyme 5 is aromatic aminotransferase (tyrB) or
a-Keto acid tletermlnatlon. Separation of a-keto acids and amino acids was
trai!S8\"inase B (ilv£), enzyme 6 is amino acid oxidase, enzyme 7 is Met adenodone by micellar electrokinetic capillary chromatography (MECC). The method
syltransferase, and enzyme 8 is Met y-lyase (adapted from reference 18 and 23).
of Strickland .:t al. (25) was modified by using 0.1 M sodium borate-0.1 M
sodium dode1.:yl sulfate as the run buffer. Electrophoresis was done at 25•c for 30
min at 12 kV witil a 1-s pressure injection into a 57-cm by 75-,...m untreated silica C o.p/1.
capillary on a PlACE 2100 automated~ystem (Beckman Instruments, FuiA ~ f.
amino acid synthetic pathways (13). Amino acid oxidase activlerton, Calif.). Tne polarity was set wiii11'6l positive pole at the capillary inlet.
ec IJC
ity is a possible route for KMTB production, and it is a possible
Sample detection was achieved at 214 nm with the detector range at 0.02 absor- fhoce.:
bance units, full scale, and with a data oollection rate of 2 Hz.
route for subsequent methanethiol production in cheese, but
Cystathionine degradation. Cystathionine [3-lyase and cystathionine y-lyase
this is unlikely because cheese tends to be anaerobic. Evidence
activities were determined by measuring the amount of free thiol formed in 2 h
for the conversion of KMTB to methanethiol is lacking for
from cystathionine at 25, 30, or 37"C depending on the organism being tested.
bacteria; however, this reaction has been shown to take place
Free thiols were measured with DTNB (8). The reaction mix oontained 0.05 M
potassium phosphate (pH 7.2), 10 mM cystathionine (Sigma Chemical Co.), 20
enzymatically in fungal species (23).
,...M PLP (Boehringer Mannheim, Mannheim, Germany), 5 mM DTNB, and 100
When the catabolic pathways for Met are considered, the
ILl of CE.
enzymes involved in the biosynthesis of Met must also be
Aminotransferase activity. The aminotransferase activity in CE was deterincluded. Although the principal reactions that these enzymes
mined by measuring the amount of KMTB formed in 2 h. The reaction mix
catalyze are involved in the synthesis of Met, they also coincicontained 0.05 M potassium phosphate (pH 7.2), 10 mM Met, 10 mM a-ketodentally catalyze catabolic reactions that lead to the producglutarate, 20 ,...M PLP, aod 100 ,U ofthe CE. KMTB was measured by the MECC
·
f
h
h' ) d
"b)
h
h
fl
method previously mentioned.
tion O met anet IO an pos.si
ot er c eese. avo~ co~- 1<-rMI'J..Demethlolase or decarboxylase activity. Decarboxylase activity in the CE was
pounds. For example, cystathionine 13-lyase, which pnmanly
determined with KMTB as the substrate. The reaction mix contained 0.05 M
catalyzes the conversion of cystathionine to homocysteine, a
potassium phosphate (pH 7 2), 20 ,...M PLP, 20 ,...M thiamine pyrophosphate
reaction involved in the synthesis of Met (29), also catalyzes
(Sigma ~emical Co.), 10 mM
and 100 ~I of CE. Samp~es were tested f o r .
the conversion of Met to methanethiol, ammonia, and a-ketodegr~datJon of KMTB at regular mtervals dunng a 48-h penod by the above.
.
ffi .
h
h
f .
mentioned MECC method.
butyrate but With 100 times less e Ciency t an t at o Its
Nonoptimum enzyme assays. Each of the enzyme assays was performed with
conversion to homocysteine in Lactococcus lactis subsp. cremoCEs at pH 5.2 (0.05 M potassium citrate) and pH 7.2 (0.05 M potassium phosris S2 (1). This enzyme was purified from Iactococci and has
phate) with and without 5% Naa as described above.
Cys .--1- cystathionine

hom1steine

T.z.. .........,...........

~

e

.Y

KM!B•

been implicated in the generation of methanethiol in Cheddar
cheese (1). Cystathionine 'Y-lyase catalyzes the a,'Y elimination
of cystathionine to produce cysteine (Cys), a-ketobutyrate, and
ammonia (19). A cystathionine 'Y-lyase purified from L. lactis
subsp. cremoris is capable of catalyzing the a,'Y elimination of
Met to produce methanethiol at an efficiency much lower than
that of the primary reaction it catalyzes (4). These enzymes
may be present in the cells and liberated when the cells die and
lyse during cheese storage, as occurs in Cheddar cheese ripening (10). With these observations in mind, the objective of this
study was to determine the conversion pathways of Met to free
thiols under laboratory and cheese-like conditions in bacteria
used as starter cultures and flavor adjuncts in Cheddar cheese.
MATERIALS AND METHODS
Bacterial strains. Lactococci and lactobacilli were grown in Elliker's broth
(Difco, Detroit, Mich.) at their respective optimum growth temperatures (Table
1) and frozen in 10% nonfat dry milk oontaining 30% glycerol. Brevibacteria and
micrococci were grown in tryptic soy broth (Difoo) with aeration at 25•c and
frozen in sterile tryptic soy broth oontaining 30% glycerol (Table 1). All strains
were stored at -700C until further use. Before each use, frozen stock cultures
were thawed and grown in a chemically defined medium (11) at their respective
temperatures (Table 1) for two transfers prior to further testing.
Whole-cell preparation for enzyme assays. Cells were harvested by centrifugation (5,000 X g for 10 min at 4"C), washed twice with 0.05 M potassium phosphate
buffer (pH 7.2), and adjusted to an optical density at 600 nm of 0.8 in 0.05 M
potassium phosphate (pH 7.2) or 0.05 M potassium citrate (pH 52). The appropriate enzyme assays were done immediately with these bacterial suspensions.
CE preparation. Cells grown to mid-log phase in 100 ml of chemically defined
medium were harvested by centrifugation (5,000 X g for 10 min at 4°C). The
pelleted cells were washed Iwice with 0.05 M potassium phosphate buffer (pH
7.2) aod then lysed by mixing them with glass beads (bead diameter, 106 f.Lm;
Sigma Cltemlcal Co., St. Louis, Mo.) at maximum speed on a vortex mixer for
30 s at 40C. This process was repeated 10 times at 30-s intervals. After centrif-

TABLE 1. Bacteria, media, and growth conditions
Source

Growth
temp
("C)

Marschall Products"
Laboratory collection
Marschall ProduciS
Laboratory collection

30
30
30
37

Laboratory collection
ATCC'
ATCC
ATCC
ATCC
Laboratory collection
Laboratory collection
Laboratory collection
ATCC
ATCC
ATCC
ATCC
ATCC
ATCC
ATCC
ATCC
ATCC
ATCC

30
30
30
30
30

Strain

L lactis subsp. cremoris S1
L. lactis subsp. cremoris S2
L. lactis subsp. lactis S3
Lactobacillus heiveticus

Aeration
(250 rpm)

CNRZ32

Lactobacillus casei LC301
Micrococcus sp. strain 21829
Micrococcus luteus 383
Micrococcus varians 15306
Micrococcus naucinus 15935
Brevibacterium linens BLI
Brevibacterium li11ens BL2
Brevihacterium linens BL3
Brevibacterium linens 8377
Brevibacterium linens 9172
Brevibacterium linens 9115
Brevibacterium linens 19391
Brevibacterium fiavum 14061
Brevibacterium fiavum 15940
Brevibacterium fiavum 15941
Brevibacterium fiavum 15942
Brevibacterium fiavum 21127
Brevibacterium fiavum 21128
Brevibacterium ftavum 2!129
Brevibacterium u<·etylicum 953

ATCC
ATCC

• Rhodia Inc., Madison, Wis.
ATCC, American Type Culture Collection.

b

is

25
25
25
25
25
25
25
25
25
25
25
25
25
25

+

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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FIG. 2. MTPC of whole cells of selected bacteria grown and assayed under optimum conditions. OD600, optical density at 600 nm .
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RESULTS

under conditions that mimic aging cheese (pH 5.2, 5% salt)
(Table 2).
Cystathionine degradation. Lactococci had the highest level
of cystathionine-degrading enzymes, followed by lactobacilli.
B. linens BU was unable to degrade cystathionine under laboratory assay conditions (Table 2). Under cheese-like conditions (pH 5.2 and 5% NaCl), the enzyme activities were
reduced by different amounts in the strains tested (Table 2).
Lactococci, especially L. /actis subsp. cremoris S2, retained
significant residual levels of thiol production ability. Lactobacillus casei LC301 also retained activity.
Aminotransferase activity. High levels of KMTB production, which allows us to estimate Met aminotransferase activity,
were detected in the strains of lactococci tested. Lactobacillus
helveticus CNRZ32 and L. /actis subsp. cremoris Sl had the

Methionine degradation. The methanethiol-producing capability of whole cells was characterized under laboratory growth
conditions for a broad range of organisms, with Met as the
substrate (Fig. 2). B. linens BU, followed by Brevibacterium
acetylicum ATCC 953, had the highest MTPC under optimum assay conditions. The lactic acid bacteria and micrococci tested possessed 0 to 30% of the MTPC of B. linens
BL2 (Fig. 2).
CEs also varied in their MTPCs from Met and their abilities
to produce free thiols from cystathionine under physiological
conditions. B. linens BI2 demonstrated the highest MTPC
from Met (Table 2). Other organisms tested contained only 2.5
1\IO·'l to~% of the MTPC of B. linens BU (Table 2). CEs from
tliese organisms were not observed to have MTPC from Met

TABLE 2. Activities of intracellular enzymes capable of degrading methionine in CE
Amt of:

Strain

•

S1
S2
S3

KMTB degradedb
(mM/mg of protein/h)
under conditions:

Free thiols produced from
methionine (J.t.Mimg of
protein/h) under conditions:

Free thiols produced from
cystathionine (J.t.M/mg of
protein/h) under conditions:

pH 7.2,
O%Naa

pH 5.2,
5%Naa

pH 7.2,
O%NaCI

pH 5.2,
5%Naa

pH 7.2,
O%Naa

pH 5.2,
5%Na0

pH 7.2,
O%Naa

pH 5.2,
5% NaCI

0.0
0.0
0.0
0.0
0.0
0.0
0.0

39.5
144.1
72.1
4.8
17.0
32.2
0.0

5.5
37.2
0.6
0.0
10.7
0.0
0.0

3.6
1.9
3.3
3.6
0.6
0.5
0.0

0.0
0.0
0.0
2.7
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

8.6
2.5
3.3
~ (..~f"Z-~'2. 0.0
LC301
0.0
BLl
10.2
BL2
100.0

Met ATase• produced
(mM/mg of protein/h)
under conditions:

• Approximations of Met aminotransferase (ATase) activity in CEs determined by monitoring incre<~SCs in KMTB.
b Approximations of reversible L amino acid oxidase activity, decarboxylase activity, and levels of production of methanethiol from KMTB.
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FIG. 3. Effects of methionine concentration in the growth medium on free thiol production and Met aminotransferase activity in CEs of L /actis subsp. cremoris
S2 (A) and B. linens Bl2 (B). Methionine and cystathionine were used as substrates in the thiol production assays.
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highest Met aminotransferase activity as measured by KMTB
production (Table 2). Interestingly, less than half of the activity
11~1 c.v.C) was lost in Lactobacillus -hehiticrrs CNRZ32 when it was assayed under cheese-like ~nditions. There was no production
.?-::. of KMTB de~eeted in B. linens BL2, but there was a small
amount of production detected in B. linens BLl. Under
cheese-like incubation conditions, no KMTB production was
detected after 1 h of incubation; however, if the assay mix was
incubated for an additional 24 h under cheese-like conditions,
a peak that comigrated with KMTB was observed in all the
lactic acid bacteria tested,~brevibacteria. 1\ (ytA; fiDt"
1\ Bcgudaf " nf K~ffB. Catabolism of KMTB was determined by measuring the loss of the added KMTB in the assay
~ mixture by81"f.The peak area of KMTB did not change in any.
•u~-.r-nc-·~tnf.fi'restld (Table 2) when the CE was incubated with KMTB
in the presence of both PLP and thiamine pyrophosphate for
48 h. Similar observations were made for both physiological
and cheese-like conditions.
•

\..____; 1\ k.IMB

deme.fhiofcv~o

O:o

kc.w-boxj~

Influence of methionine and cysteine on MTPC. Addition of
Met to the growth medium suppressed MTPC in L. lactis
subsp. cremoris S2. As the initial concentration .of Met in the
medium increased, the rate of cystathionine breakdown decreased (Fig. 3A). When Cys was removed from the growth
medium, the MTPC from cystathionine increased (Table 3).
Unewf:1eeteEHy, KMTB production decreased as the level of
Met in the growth medium increased (Fig. 3A).
When similar experiments were done with B. linens BL2, no
cystathionine degradation or KMTB production or degradation was detected (Fig. 3B). Unlike with lactococci, as the initial Met concentration in the growth medium of B. linens BL2
increased, the MTPC from Met increased (Fig. 3B).
DISCUSSION
It is widely hypothesized that Iactococci, the bacteria used as
starter bacteria, die and lyse during ripening, releasing their

o.c..-1/vtl-j.
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TABLE 3. Effect of cysteine concentration in the growth medium
on the production of free thiols from cystathionine at a methionine
Concentration of 0.002% in B. linens BL2 and
L lactis subsp. cremoris S2
% Cys in growth
medium

0.002

0

•

•

5

Amt of free thiols produced
(J.LM/per mg of protein/h) in:

L lactis subsp. cremoris S2

B. linens BI.2

17

13

968

161

intracellular contents into the cheese matrix (10). It is also
thought that the released enzymes act on cheese constituents,
such as protein and fat, to produce compounds important in
Cheddar cheese flavor. One example is the degradation of Met
to other sulfur-containing compounds that have been associated with improved Cheddar cheese flavor (28), even though
these compounds alone do not contain the essential cheddartype flavor.
It is assumed that the majority of the intracellular enzymes
are still active in the cheese matrix. However, cheese is a harsh
environment, with a pH of 5.0 to 5.2 and salt at 3 to 5% in the
water phase. Recently, Weimer et al. (30) demonstrated that
aminopeptidase (AP) and lipase and esterase (LE) activities in
aging Cheddar cheese were low initially and decreased further
to a lower but detectable residual level. Further, they compared AP and LE activities in cells grown to the logarithmic
phase in the laboratory and observed a decrease in the level of
activity similar to the level of residual activity found in cheese
under optimum assay conditions. These data indicate that enzyme assays done under cheese-like conditions approximate
enzyme activity in cheese and that some intracellular enzymes
considered to be important in the ripening process decrease in
activity during cheese aging. Results from this investigation
were similar to the results obtained with different intracellular
enzymes by Weimer et al. (30). Hence, if we take into account
observations from this study and the previous observations of
Weimer et al., it is reasonable to generalize that the activities
of intracellular enzymes decrease as they are released into the
cheese matrix and that this reduction can be approximated by
assaying an enzyme in the laboratory at pH 5.2 with 3 to 5%
NaCl added to the reaction mix.
Additionally, Weimer et al. (30) found that whole cells retained MTPC under cheese-like conditions but observed no
MTPC in CE assayed under the same conditions. The present
study confirms the observations of Weimer et al. (30) with
regard to some of the brevibacteria, lactococci, and lactobacilli.
With a broader sampling of bacteria important in cheese making, micrococci were observed to have little or no detectable
MTPC (Fig. 1). These data suggest that production of sulfurcontaining metabolites from Met by whole cells in cheese is
likely but~ the absolute quantities of sulfur-containing metabolites will vary depending on the bacteria used in cheese
production and the relative amount of cell lysis during cheese
aging.
To study which enzyme system is responsible for free thiol
formation under cheese-like conditions, two organisms were selected based on an evaluation of the trained sensory responses
of Weimer et al. (30) and on the observations of Alting et al.
(1), Bruinenberg et al. (4), and Collin and Law (6), who define
the MTPC of lactococci and brevibacteria as being produced
by cystathionine -y-lyase, ~-lyase, and methionine -y-lyase, respectively. The demethiolation mechanism in lactobacilli is unknown. The CEs of the bacteria tested had MTPC from Met

»'bid~

approlGiA'IateEI t~at ef !Rethiettitte 'I' ~<a5e under opti- ~
mum assay l:Onditions but did not have measurable MTPC at .....- /
pJ:I 5:2 with 5% NaCI added (Table 2). ~owever, with cystathtomne as the substrate, we observed residual free thiol production which approximated that of cystathionine -y- and ~lyases under cheese-like conditions in all strains tested except
Lactobacillus helveticus CNRZ32, B. linens BL1, and B. linens
BL2 (Table 2). In lactococci residual free thiol production was
0.01 to 26% of the original activity, and in Lactobacillus casei
LC301 it was 63% after 1 h of incubation under cheese-like
conditions. These data support the observations of Alting et al.
(1), Bruinenberg et al. (4), and Collin and Law (6). In addition,
these data suggest that B. linens BL1 contains all three enzymes; however, unlike with lactococci, these enzymes are inactive under cheese-like conditions in this strain. Further,
these data indicate that the demethiolation enzymes in lactobacilli are cystathionine -y- or ~-lyase; however, the enzymes of
Lactobacillus casei LC301 are more stable with acid and salt
than the lactococcal enzymes or those of Lactobacillus helveticus CNRZ32.
Cystathionine -y- and ~-lyases have recently been purified
from L. lactis subsp. cremoris (1, 4). Alting et al. (1) describe cystathionine ~-lyase from lactococci as having the additional ability to demethiolate Met to generate methanethiol as a secondary reaction. This inadvertent reaction is 100-fold less efficient
than its primary catabolic reaction of transforming cystathionine to homocysteine. They postulate that this enzyme is responsible for methanethiol formation in Cheddar cheese, but
conclusive evidence is not available~, Bruinenberg/\AHw1
et al. (4) propose that cystathionine -y-lyase, which catalyzes the
v2 t
conversion of cystathionine to Cys, is another enzyme responsible for the production of methanethiol in cheese. Again, definitive evidence demonstrating activity of this enzyme in ripening cheese is lacking. Observations made in our study indicate
that these enzymes are active under cheese-like conditions on
cystathionine (suggesting that they may be active in cheese) but
that their relative activities will depend on which strain is used
in manufacture. However, this type of activity was not observed
for the flavor adjunct bacteria tested except for Lactobacillus
casei LC301. These data suggest that these enzymes maybe
active in ripening cheese but that the activity on Met in the
cheese matrix will be at least 100-fold lower than the values
reported in Table 2.
If we take into account the inefficient conversion of Met to
methanethiol by cystathionine ~-lyase (based on 100-fold reduction in activity), the theoretical residual free thiol production of cystathionine ~-lyase under cheese-like conditions is
between 0.0001 and 0.25% of the activity observed with cystathionine as the substrate. If we assume further decreases in
activity, as Weimer et al. observed for AP and LE enzymes in
cheese (30), the probable free thiol production ·in the cheese
matrix from Met would be a small fraction of 1%. Therefore,
if these enzymes are of importance in cheese flavor development via production of sulfur-containing metabolites from
Met, they must be produced in high concentrations before cell
lysis in the cheese matrix. This suggests that the addition of
other enzymes that behave differently from cystathionine -ylyase and cystathionine ~-lyase may be beneficial in improving
Cheddar cheese flavor. Initial observations to support this hypothesis are reported by Weimer et al. (30), who used whole
cells of B. linens BLl and Bl2.
Brevibacteria contain methionine -y-lyase, which converts
Met directly Lo methanethiol (6). This enzyme has been purified to homogeneity from several other genera unrelated to
cheese manufacture (16, 26, 27) and partially purified from
brevibacteria (6). Use of brevibacterium cell lysates to accel-
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erate cheese ripening is partially successful (12), but sensory
evaluation judged the flavor change to be undesirable in a short
period. Weimer et al. (30) used whole cells of brevibacteria in
cheese making and observed an increase in cheese flavor compared to that after the addition of lactobacilli. Presumably, the
flavor increase was linked in part to the ability of brevibacteria
to produce volatile sulfur compounds. Observations made in
our study suggest that B. linens BL1 contains methionine
-y-lyase, as well as cystathionine -y- and 13-lyases, but that B.
linens BL2 has only methionine -y-lyase. B. linens BL2 is auxotrophic for Met, which further supports the supposition that it
lacks cystathionine -y- and 13-lyases; however, this may not be
the only explanation for the auxotrophy. This auxotrophy for
Met may also explain why BL2 has the highest MTPC. The lack
of enzymes to convert Met to Cys and the lack of aminotransferases to produce KMTB may force the utilization of Met into
other pathways, namely, demethiolation. In any case, these
enzymes are not active under cheese-like conditions in brevibacteria, suggesting that if brevibacteria lyse in the cheese
matrix, the MTPC will decrease.
The metabolic importance of these enzyme systems is well
established, and in brevibacteria these activities are known to
be controlled by the concentration of Met in the medium (9).
s.fwJ_JNeimer et al. (~found that the demethiolation enzyme activities in CEs of . lactis subsp. crenwris S2 and B. linens BL2
are influenced by the Met and Cys concentrations in the growth
t
A medium.•JJu:se Elaflt .. ere eeftHtftte8 iR stu stHey (Fig. 3; Table
~~iG'IG)AH'G e~anded to xeoeal thltt ~en small increases in Cys"
t·
decrease free thiol production from cystathionine in L. lactis
: ~- ,folc.\ subsp. cremoris S2 aboutAliftefold (Table 3), suggesting that
cystathionine -y- and 13-lyases are also controlled by the Cys
1
I
concentration in Iactococci. Additionally, aminotransferase ac1
tivity in L. lactis subsp. cremoris S2 decreased with the addition
!
of Met to the growth medium but no influence on Met aminotransferase was observed for B. linens BL2 (Fig. 3). With the
addition of 0.002% Met to the medium, the Met aminotransferase activity decreased 43%, and with the addition of 0.02%
Met, the activity decreased 63%. Conversely, addition of Met
significantly increased MTPC in BL2. These data suggest that
the amount of free Met in milk is sufficient both to decrease
the concentrations of cystathionine -y- and 13-lyases and the
Met aminotransferase activities in lactococci by at least 50%
and to stimulate MTPC in brevibacteria.
In cheese, free amino acids are at low concentrations, with
free Met being present at 0.02 to 3% (5, 31) and Cys being
present at 0.4% (31). These levels of Met and Cys are high
enough to inhibit the free thiol production of L. lactis subsp.
crenwris S2 with cystathionine as the substrate (Fig. 2A), but
the same levels are stimulatory in B. linens BL2 with Met as the
substrate (Fig. 2B). In consideration of the overall interconversion pathway between Cys and Met, these data suggest that
B. linens BL2 will produce more volatile sulfur-containing compounds than will L. lactis subsp. cremoris S2 in cheese, providing the brevibacteria do not lyse. Preliminary data indicate that
brevibacteria survive at least 12 months at a constant cell
density, suggesting that it is possible to add these bacteria to
cheese and increase volatile sulfur compounds beyond the capabilities of lactic acid bacteria. The implication of these data
in cheese flavor development is complex, but one possible
interpretation is that the MTPC in Iactococci will decrease as
the cheese ages since the cells lyse as the Met concentration
increases above the inhibitory level for intact cells. Alternatively, if cystathionine is present in cheese, which is unknown,
the action of cystathionine -y- or 13-lyase would yield Cys or
homocysteine. Conversely, the MTPC of B. linens BL2 in-
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creased with inc~eas_ing amounts of Met, which might lead t .
more methanethrol m cheese should the cells remain intact.
Production of KMTB, which allows us to estimate Met aminotransferase activity and which leads away from the direct
conv~r~ion of Met to ~ethanethiol, was found under optimum
condrtrons for all strams tested except B. linens BL2 {Table
2). However, under cheese-like conditions only L. helveticus
CNRZ32 contained measurable activity after 1 h of incubation·
with an additional 24 h of incubation, KMTB production w~
observed for all strains tested except B. linens BU. These data
suggest that the Met aminotransferase activities in Iactococci
and lactobacilli are present under cheese-like conditions. Additionally, once KMTB was formed, we did not detect further
catalysis (fable 2), indicating that if this enzyme is active in
cheese, it will remove Met from the amino acid pool and hence
decrease methanethiol production.
If this hypothesis is true, one would expect the Cheddar
flavor score in an evaluation of trained sensory responses to
decrease if the organism contained Met aminotransferase activity under cheese-like conditions. Weimer et al. (30) observed
that the addition of L. helveticus CNRZ32 to .C:heddar c~eeset- d. i c1
GeGFeased the Gheddar ssere ettt tltat tlte add&ti.QR sf B. !mens i, c. 'r€?
BL2 iRereasee the score. Considering the formation and deg- ~ -a
radation of KMTB in these cultures and their influence on c>f Cht
cheese ~avor, _we conc.Iude that Met may be taken from the ..(!h.."o~
fr~e ammo ~crd pool m che7se and become unavailable for
1
throl formatron by the bactena tested, thereby decreasing the 0 g"' e
cheddar score in the sensory evaluation of cheese made with o..b YY1L
the addition ?f lactobacilli, -bttt Ret wit~~o..l:> B·
In conclusron, we observed that lactococci and lactobacilli \
contain cystathionine -y- and 13-lyases, which produce free thi- ~
ols. Brevibacteria contain methionine -y-lyase, which converts~
Met directly to methanethiol. Based on the influence of pH, W1lJC
salt, and Met and Cys concentrations and on theoretical calr
culations for the inadvertent catalysis of Met by cystathionine /o .fl...£
-y- or 13-lyase, we suggest that the cystathionine -y- or 13-lyase ~d i I
from lysed lactococci makes an insignificant contribution to the 6>
production of volatile sulfur compounds from Met in cheese. .
Finally, taking into account the overall pathway that leads to
methanethiol, we conclude that the addition of whole cells of
brevibacteria is an alternative to the addition of other lactic
acid bacteria to improve Cheddar cheese flavor via the metabolism of Met.

f
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Summary - The influence of NaCI and reduced pH was determined for aminopeptidase,
lipase/esterase and methanethiol-producing capability in selected lactic acid bacteria and brevibacteria in simulated cheese-like conditions. The observations on simulated cheese-like conditions were
confirmed in 60% reduced-fat Cheddar cheese. The activity of each enzyme decreased with NaCl addition and when the pH was reduced to approximate Cheddar cheese conditions (5% NaCI, pH 5.2).
Residual intracellular aminopeptidase activity was dominated by general aminopeptidase activity
(aminopeptidase Nand/or aminopeptidase C) in laboratory, simulated cheese-like conditions, and 60%
reduced-fat Cheddar cheese curd. During cheese aging, total lipase/esterase activity peaked at 120 d
then decreased, even though starter culture populations remained high. Methanethiol-producing
capability occurred under cheese-like conditions in whole cells, but not in cell-free extracts. Met
and Met-containing peptides induced methanethiol-producing capability for 2-3 generations and
could be re-induced later in the growth cycle of Brevibacterium linens BL2. Aminopeptidase and
lipase/esterase activity in reduced fat cheese were not correlated to an increase in Cheddar-type flavor, but a culture's methanethiol-producing capability was associated with higher cheese consumer
preference scores. Results suggest that use of cheese-like conditions may aid in selecting cultures to
* Contribution No 4924 of the Utah Experiment Station; approved by the director. Mention of
companies and products does not constitute endorsement by Utah State University or Utah
Agricultural Experimental Station over similar products not mentioned. Portions of this paper
were presented at the International Dairy Lactic Acid Bacteria Conference, Palmerston North,
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Culture Research Centre, Melbourne, Australia, February 1995; and the IDF symposium on
Ripening and Quality of Cheeses, Besan~on, France, February, 1996.
** Correspondence and reprints
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increase desirable flavors for low-fat cheese manufacture. Additionally, data suggest that whole
cells are important for proper flavor development in 60% reduced-fat Cheddar cheese.

•

cheddar cheese I ripening I flavor /lactococcus /lactobacillus I brevibacterium I methanethiol
production
Resume- Influence du NaCI et du pH sur les enzymes intracellulaires qui affectent l'affinage du cheddar. L'influence du NaCI et d'une reduction du pH a ete determinee sur les aminopeptidases, les lipases/esterases, ainsi que )'aptitude a produire du methanethiol de bacteries lactiques et de brevibacteries selectionnees dans des conditions de fabrications fromageres simulees. Les
observations, dans ces conditions, etaient confirmees, dans le cas du cheddar a teneur en matieres
grasses reduites de 60 %. Les activites de chaque enzyme diminuaient avec I' addition de NaCI et
lorsque le pH etait abaisse a des niveaux proches des conditions de fabrication du cheddar
(NaCI5% et pH 5,2). L'activite aminopeptidasique intracellulaire residuelle etait dominee par l'activite aminopeptidasique generate (aminopeptidase N et/ou aminopeptidase C) au laboratoire, en
conditions fromageres simulees, et dans un caille de cheddar a teneur en MG reduite de 60 %. Pendant le vieillissement des fromages, l'activite totale lipase/esterase atteignait un pic a 120 jours puis
diminuait, meme si les populations de levains demeuraient elevees. L'aptitude a produire du methanethiol se manifestait en conditions fromageres simulees dans les cellules entieres, mais non dans les
extraits depourvus de cellules. Les peptides Met et Met-contenant induisaient une aptitude a produire du methanethiol sur deux ou trois generations, et pouvaient etre reinduits ulterieurement dans
le cycle de croissance de Brevibacterium linens BL2. L'activite aminopeptidase et lipase/esterase dans
le fromage ateneur reduite en matiere grasse n' etait pas correlee avec une augmentation de Ia saveur
de type cheddar, mais I' aptitude d'une culture a produire du methanethiol etait associee ades notes
de preference plus elevees chez les consommateurs de fromages. Les resultats suggerent que I' utilisation de conditions fromageres simulees peut aider a Ia selection de cultures, pour augmenter les flaveurs souhaitees en fabrication de fromage a faible teneur en matiere grasse. De plus, les donnees suggerent que les cellules entieres sont importantes dans le developpement d'une flaveur correcte dans
le cheddar a teneur en matiere grasse reduite de 60 %.
fromage cheddar I affinage I arome /lactocoque /lactobacille I brevibacterie I production de
methanethiol

INTRODUCTION
Many consumers are concerned about the
nutritional value of the food they consume.
Demand for dairy products containing lower
fat, cholesterol and saturated fatty acids is
steadily increasing (Hise, 1991). However,
it is difficult to manufacture lower-fat Cheddar cheese with good flavor. Defects in
cheese in which fat was reduced by more
than 50% include lack of flavor, off-flavors
such as meaty, brothy, unclean and bitterness, as well as improper body and texture
(Sherwood, 1939; Banks et al, 1989;
Jameson, 1990; Hise, 1991; Johnson, 1991;
Lindsay, 1991).
Cultures suitable for full-fat Cheddar
cheese often do not produce acceptable low-

fat Cheddar cheese (Johnson, 1991 ). Fat
removal changes the basic biochemistry of
ripening. The primary biochemical reactions
in cheese ripening, which lead to cheese flavor and texture development, include glycolysis, proteolysis and lipolysis (Fox et al,
1993). Additionally, undefined secondary
reactions, such as protein dephosphorylation and amino acid (AA) metabolism may
be important as well (Schormiiller, 1968;
Reiter and Sharpe, 1971; Fox et al, 1993).
Microbial enzymes strongly influence proteolysis during aging (Adda et al, 1982;
Law, 1987; Aston and Creamer, 1986; Ardo
et al, 1989; Olson, 1990; Seitz, 1990; El
Soda and Pandian, 1991; Fox et al, 1993;
McGarry et al, 1994). As a result, considerable interest has focused on the enzymol-
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ogy and molecular biology of the lactococcal proteinase system and the impact that
these enzymes have on desirable flavors and
bitterness (Thomas and Mills, 1981; Kok,
1990; Olson, 1990). Free amino acids are
thought to be precursors for background
cheese flavor compounds, but the mechanism is largely undefined (McGugan, 1975;
Addaet al, 1982; Law, 1987; Olson, 1990).

•

•

•

vor and texture defects. Thus, addition of
methanethiol-producing bacteria into lowerfat cheese may increase the amount of positive, typical Cheddar-type flavors, but
strains must be carefully selected to avoid

Adjunct bacteria have been used to boost
typical Cheddar cheese flavor (Peterson and
Marshall, 1990), initially focusing on nonstarter lactic acid bacteria (NSLAB), since
7
they grow to high numbers (10 CFU/g of
cheese during storage at 8 °C) during cheese
ripening, and presumably contribute to
cheese flavor (Chapman and Sharpe, 1981;
Broome and Hickey, 1991). Non-starter lactic acid bacteria (NSLAB) consist predominantly of Lactobacillus plantarum, Lactobacillus casei and Lactobacillus brevis. In
addition to lactobacilli, to a lesser extent
micrococci, brevibacteria and pediococci
have also been used (Chang, 1985; Peterson and Marshall, 1990). Addition of adjunct
bacteria has shown some promise in manufacturing low-fat cheese with reduced
defects and improved flavor (Jameson, 1990;
Khalid and Marth 1990; Olson, 1990).

defects.
The mechanism for the production of
methanethiol by bacteria is not fully understood, but is linked to at least two enzymes
-methionine y-lyase (Collin and Law, 1989)
and cystathionine ~lyase (Alting et al 1995).
These degradation steps begin with deaminases, decarboxylases, transaminase, aminotransferases, and by the conversion of amino
acid side chains in which methionine y-lyase
and cystathionine ~-lyase are part of a larger
metabolic pathway. Little is known of the
enzymes, pathways and mechanisms
involved in the formation of methanethiol
during cheese ripening. This study investigated the influence of ripening conditions
on aminopeptidase, lipase/esterase and
methanethiol production during aging.

Methanethiol is a degradation product of
the sulfur-containing amino acid, methionine, and has been associated with good
Cheddar cheese flavor (Aston and Outley,
1982; Hemme et al, 1982). Methanethiol is
the only compound that correlates to highly
flavorful Cheddar cheese, but alone or in
excess it produces atypical flavors (Aston
and Outley, 1982). Other compounds associated with good cheese flavor have not been
conclusively elucidated. Based on this observation, Law ( 1987) accelerated Cheddar
cheese flavor development by adding cellfree extracts of brevibacteria, which produce large amounts of methanethiol. Flavors typical of 6-month-old Cheddar cheese
were observed in about 2 months. However,
the cheese rapidly over-ripened and had fla-

MATERIALS AND METHODS

Bacterial strains
Lactococcus lac tis ssp cremoris S l (Marschall
Products, Madison, WI) and SKll (Steele laboratory collection), and L lactis ssp lactis S3
(Marschall Products) were grown in Elliker's
broth (Difco, Detroit, MI) at 30 °C for 16 to 18 h
before use. Brevibacterium linens BLl and BL2
(Weimer laboratory collection) were grown in
trypticase soy broth (TSB; Becton Dickinson,
Cockeysville, MD) at 25 oc with aeration at 250
rpm for 24 to 36 h before use. Lactobacillus casei
LC301 (Marschall Products) and JC202
(Marschall Products) were grown in MRS broth
(Difco) at 30 oc for 16 to 18 h before use. Lactobacillus helveticus LH212 (Marschall Products) and CNRZ 32 (Steele laboratory collection) were grown in MRS broth (Difco) at 37 oc
for 16 to 18 h before use. Lactococci and lactobacilli were frozen in 10% non-fat dry milk
(NFDM) containing 30% glycerol while brevibacteria were frozen in TSB containing 30%
glycerol. All strains were stored at -70 °C until
further use. Before each use, frozen stock cui-
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tures were thawed and grown in their respective
media at their respective temperatures for two
transfers prior to inoculation into I00 mL growth
medium for further testing.

Preparation of cell-free extracts
Cultures were incubated to mid-logarithmic phase
and harvested from 100 mL media by centrifugation at 7000 g for 15 min at 4 °C. The pellet
was collected and washed twice with 0.05 moi/L
potassium phosphate buffer (pH 7.2) before
resuspension in 5 mL ofO.OI moi/L potassium
phosphate buffer (pH 7.2). Cell-free extract
(CFE) was prepared by vortexing at high speed
with glass beads (Sigma Chemicals, St Louis,
MO) for 2 min at 25 °C. The CFE was collected
by centrifuging at 5000 g for 30 min and the volume was made up to 15 mL with sterile water
and added directly to either 0.05 moi/L potassium citrate (pH 5.2) or 0.05 mol/L potassium
phosphate (pH 6.8).

Ala-, Met-, Asp-, Val-, Gly-, Pro- and y-glutamyl-p-nitroanilide (p-NA) L-amino acid derivatives (Sigma Chemicals) made up in sterile water
at 30 °C. p-Nitroanilide L-amino acid derivatives (Sigma Chemicals) of Tyr-, Phe- and Trpwere dissolved in 0.5 mL N, N-dimethyl formamide before addition to sterile water to a final
volume of lO mL.
Lipase/esterase (LE) activity was determined
at 420 nm in a model DU-65 spectrophotometer (Beckman Instruments, Fullerton, CA) with pnitrophenyl derivatives (Sigma Chemicals) of
butyrate and caprylate, prepared as described by
Blake et al (1996). The method was modified
for cheese-like conditions to include a step to
quench the reaction with SDS at a final concentration of 3. 7%, followed by addition of I moi/L
sodium phosphate (pH 6.8) to increase the pH.
This adjustment allowed p-nitroanilide to be used
as the indicator even though it is colorless at pH
5.2.

For salt/pH studies, either 0.05 moi/L potassium citrate (pH 5.2) or 0.05 moi/L potassium
phosphate (pH 6.8) was used for the reaction
Protein assay
buffer. The enzyme assay mixture contained
IOO JlL of I mmoi/L chromogenic substrate in
The protein content in each CFE was determined
the assay buffer and 100 JlL CFE. Assays were
using the bicinchoninic acid assay (Pierce Chemconducted at 30 °C for lactococci, L casei and
ical Co, Rockford, IL). Bovine serum albumin
brevibacteria, and at 37 °C for L helveticus in
(BSA) was used to obtain a standard curve.
96-well microtiter plates (Baxter Diagnostic Inc,
Deerfield, IL) with sterile tape coverings. Substrates were pre-incubated at 30 °C for 15 min in
Proteinase characterization
microliter plates before addition of CFE. Hydrolysis of the chromogenic substrates was measured
with reflectance colorimetry by monitoring an
The proteinase activity of each strain was deterincrease in yellow color (b*) using an Omnismined using BODIPY FL-Iabelled casein (Molecpec® 4000 bioactivity monitor (Wescor Inc,
ular Probes, Eugene, OR) according to the EnzLogan, UT). Readings were taken every 5 min
chek kit instructions. Cells in mid-logarithmic
and assays were carried out in duplicate. Wells
phase were added (50 JlL) to the substrate and
containing I00 JlL of I mmoi/L of each substrate
incubated for 24 hat the culture's respective
in the assay buffer and 100 JlL of each buffer
growth temperature in the dark. The replicate fluwere used as controls. Assays were adjusted for
orescence tests measured the relative fluoresthe amount of protein added to the assay mixcence units (RFU), which were adjusted for the
ture in the CFE. The AP activity was defined as
plate count before and after incubation.
rate of color change (L1b*/mg protein/h) in the
intracellular fraction. LE activity was defined as
A 42ofmg protein/h.

Aminopeptidase and lipase/esterase
assays

Aminopeptidase (AP) activity was measured
using automated reflectance colorimetry as
described by Dias and Weimer (1995) with
lO mmoi/L stock solutions of Arg-, Leu-, Lys-,

•

•

The intracellular portion of AP and LE activity was measured in the extracellular, cell wall
bound, cell membrane (spheroplast) and CFE
fractions. Activity on each substrate from each
fraction was summed and used as the denominator to determine the percentage of total intracellular enzyme activity. The proportion due to

•
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period at the University of Wisconsin-Madison
pilot dairy processing area by a licensed Wisthe intracellular activity was calculated by dividing the summed activity for the intraeellular frac- , consin cheese maker. Raw whole milk was
skimmed to 1.3% fat and pasteurized at 73.3 oc
tion by the sum of activity for each fraction mulfor 16 s. Each vat of cheese was manufactured
tiplied by l 00.
from 250 kg of milk. Two single-strain L lactis
ssp cremoris S 1 and SK ll, and L tact is ssp lactis S3 were used to make cheese with and withMethanethiol-producing capability
out flavor-adjunct bacteria. Each starter culture
and flavor adjunct was grown separately in skim
The procedure described by Ferchichi et al ( 1985)
milk steamed for 45 min and incubated at 30 °C
was used to determine the methanethiol-profor 12-14 h. In preliminary trials, the rate of acid
ducing capability (M'fPC). Briefly, methanethiol
development was slightly different for each starter
produced from L-methionine (substrate) reacts
culture; therefore, the amount of culture used
with 5, 5'-dithio-bis-2-nitrobenzoic acid (DTNB)
varied: 1.25% Sl, 2.00% SKll and 0.5% S3.
to produce a yellow aryl mercaptan, which is
detected spectrophotometrically at 412 nm after
Six different adjunct cultures (two strains each
l h incubation at 25 °C for brevibacteria, 37 oc
of L helveticus, L casei and 8 linens) were used.
for L helveticus, and 30 oc for L casei and lacLactobacilli were grown in MRS broth (Difco
tococci. Controls with only substrate or cells
Laboratories, Detroit, MI) at 37 °C for 12-14 h.
Brevibacteria were propagated in medium 220
were used to adjust the raw data.
(Weimer, 1990) for 2 d at 30 oc in 500-mL flasks
held in a shaking water bath (250 rpm). The
Induction of methanethiol-producing
adjuncts were added as follows: L helveticus
strains 3.7 x 1o6 to 8.7 x 106/kg milk; L casei
capability
7
strains 2.2 x 107 to 4.0 x 10 /kg milk;
and 8
7
7
linens strains 6.8 X 10 to 8.4 x 10 /kg milk.
The inducibility of MTPC was studied using
Starter and flavor adjunct cultures were added
methionine and methionine-containing peptides.
at the same time to the milk. After culture (15
Equimolar concentrations of Met and Met-conmin), calcium chloride was added (49 mL;
taining peptides (2 mmol/L ) were used in the
Marschall Products). Chymax, double strength
growth media. The MTPC of 8 linens BL2 was
fermentation-produced chymosin (Pfizer, Milmonitored after incubation for 36 h at 25 oc with
waukee, WI), was added at a rate of 19 mL per
aeration (250 rpm).
vat.
The milk coagulum was cut with 0.95-cm
Preparation of cheese extracts
knives at a milk pH of 6.5 and allowed to heal for
5 min, followed by l 0 min of gentle agitation
Cheese samples (20 g) were blended in 180 mL
before heating. The temperature of the curd/whey
slurry was raised from 32 to 37.8 oc over 25 min.
of 0.05 mmol/L sodium phosphate buffer (pH
7 .2) in a Stomacher 400 (Seward, London, UK)
After heating, a curd strainer was inserted into
for 4 min on the high setting. The blended mixthe vat and the whey was slowly drained. Cheese
ture was centrifuged at 10 000 g for 30 min
slabs were cheddared, followed by milling at pH
(25 oq, defatted by filtering through GFA fil5.95. After milling (15 min), the curd was salted
ter paper (Whatman International Ltd, Maidin three additions, 5 min apart, with 1.25 g flake
salt/kg milk. The salted curd was packed into
stone, UK), and passed through Whatrnan #5 filter paper before being concentrated five times
9-kg Wilson-style hoops and pressed for 4 h at
by ultrafiltration (30 000 MW cut-off) with a
ambient temperature. The resulting Cheddar
15 mLCentriprep® (Amicon. Inc, Beverly, MA).
cheese blocks were stored at 7 oc for aging. All
Erythromycin was added to a final concentracheeses were made in duplicate.
tion of 0.1 J.lg/mL to prevent additional enzyme
synthesis during the assay.

Proximate analysis
Cheese making
Forty-eight vats of 60% reduced-fat Cheddar
cheese were manufactured within a 2-week

•

Milk was analyzed for fat by the BabcoCk method
(Richardson, 1985). Cheese was analyzed for
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moisture using a moisture oven (Vanderwarn,
1989), fat was measured by the Babcock method
(Richardson, 1985), pH was quantified by the
quinhydrone method (VanSlyke and Price,
1979), and salt was analyzed with a sodium electrode (Johnson and Olson, 1985). Cheese was
also analyzed for 12% TCA-soluble nitrogen
(Adler-Nissen, 1979), 5% soluble nitrogen (Janet
et at, 1982), lactose (kit 176303; Boehringer
Mannheim, Mannheim, Germany), galactose (kit
176303; Boehringer Mannheim), L(+)-lactic acid
and D(-)-lactic acid (Severn et at, 1986).

preference (I =dislike very much to 7 =like
very much).
Analyses by consumer taste panels were carried out at Utah State University. Each consumer
panel ( > 100 judges) evaluated flavor, texture
and overall preference using a 9-point hedonic
scale. Six to eight samples (3-4 g), coded with a
random number, were evaluated at room temperature under red lights in individual testing
booths. Sample order was randomized between
judges to avoid positional bias. Water was available for mouth-rinsing between samples.

Bacterial counts during cheese aging

Statistical analysis

Starter cultures and flavor adjunct bacteria were
estimated after 0, 2, 4 and 6 months of aging.
Brevibacteria were counted by the spread plate
technique while all other bacteria were counted
by the pour plate technique. Lactic acid bacteria were counted after anaerobic incubation on
Elliker's agar (Difco Laboratories) at 30 oc for 2
d. Lactobacilli were enumerated after anaerobic
incubation on Rogosa SL agar (Difco Laboratories, Detroit, Ml) at 37 °C for 2 d. Brevibacteria were enume@ted after aerobic incubation on
Medium 220 agar at 30 °C for 3 d.

Laboratory enzyme assays were performed and
analyzed in a completely randomized design
using JMP® statistical software (SAS Institute
Inc, Cary, NC). Cheese manufacture, cheese
enzyme assays and flavor evaluation used a completely randomized split-plot design with repeated
measures (eq 1). Starter culture was the wholeplot factor and flavor adjunct was the sub-plot
factor. The time during aging was the repeated
measure. These analyses were carried out using
Mini tab (Mini tab Inc, State College, P A), and
canonical analysis of trained sensory scores was
made with JMP statistical software (SAS Institute
Inc, Cary, NC).

Sensory analysis

Yjkl = Overall mean + starter culturej +
error (a)j +flavor adjunctk +
(starter culture by flavor adjunct)jk +
error (b)jk + tim<1 +error (c)jkl +
(starter culture by time).1 +
(flavor adjunct by timeYkl +
(starter culture by flavor adjunct
by time)jkl +error (d)jkl
[l]

Analyses were carried out by descriptive trained
taste panels at the University of WisconsinMadison; panels consisted of six to ten experienced judges who evaluated the cheese for flavor
and body characteristics using category scaling
and giving a consensus rating in all categories
except for flavor, body and texture preference.
One of the assessors marked the consensus rating
on a ballot sheet and then gave a copy of the
marked ballot sheet to each judge. Random numbers were assigned to the cheeses, and judges
tasted them on a blind basis. Cheese attributes
were scored using the reference (consensus) as a
guideline; the following flavor attributes were
evaluated: Cheddar flavor intensity (1 =none to
7 =aged), bitter (I= none to 7 =pronounced),
off-flavor intensity (1 =none to 7 =pronounced),
and overall flavor preference (1 = dislike very
much to 7 = like very much). Body and texture
analysis included: body (I = very soft to 7 = very
firm), body breakdown ( l
very curdy to
7 = very smooth) and overall body texture and

=

•

•

RESULTS
Protease activity
Each strain varied in its proteinase, total AP
and LE activity (table 1). L lactis ssp cremoris SI and L helveticus LH212 were more
proteolytic than other strains examined
(table I). L lactis ssp lactis S3 was less proteolytic on a per cell basis, but produced
bitter cheese within 2 months of aging. After
6 months of aging, this cheese was elimi-
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Table I. Laboratory characterization of the bacteria used in cheese making.
Caracterisation au laboratoire des bacteries utilisees enfabricationfromagere .
Proteinase
activity
( RFIJI'Icell) x UP

Intracellular AP
activity

Intracellular LE
activity

(%)b

(%)b

Lactococcal starters
L lactis subsp cremoris S I
L lactis subsp cremoris SKll
L lactis subsp lactis S3

17.82
0.69
0.02

84
85
89

84
83
87

Aavor adjunct bacteria
B linens BLl
B linensBL2
L casei LC30l
L casei LC202
L helveticus LH212
L helveticus CNRZ32

0.12c
0.82C
0.67
0.57
19.7
0.11

86
69
96
89
96
98

80
91
93
65
51
30

Strain

• Relative fluorescence units (see the description of the proteinase assay in the Materials and methods section);
b% intracellular activity= total intracellular enzyme activityII (total activity in the extracellular, cell wall, cell
membrane and intracellular fraction); c proteinase activity found in culture supernatant.
" Uniti relative de fluorescence (voir Ia description du test d'activiti de Ia proteinase dans /LJ partie Materials and
methods; b% activite intracellu/LJire : activiti en:zymatique intracellu/LJire totale/I (activite totale dilns les fractions extra- et intracellulaire, Ia paroi et Ia membrance ; c activite proteino.se trouvee dilns le sumageant de
culture.

•

•

nated from taste panels owing to extreme
bitterness. While the proteinase activity per
cell was low in L lactis ssp lactis S3, the
amount of proteolysis during cheese ripening was similar to other starter cultures, presumably because the cell numbers were
above l 09 CFU/g of cheese.

AP activity in all strains except L helveti-

cus, in which activity decreased significantly
(P < 0.05). Activity at pH 5.2 was substan-

Aminopeptidase activity

tially reduced compared to activity at pH
6.8. Total intracellular AP activity of most
strains decreased further when assayed under
cheese-like conditions of pH 5.2 and 5%
NaCl; however, activity in B linens BL2
were activated under this condition compared to pH 5.2 (fig lA).

The magnitude of total AP activity was a
variable trait among the bacteria tested. Lactobacillus helveticus strains had an AP activity between 3.7 and 72 times higher than
other bacteria tested under laboratory conditions (fig lA) with<::: 95% of the activity in
the intracellular fraction (table I). Addition
of NaCI had little influence on intracellular

In laboratory and simulated cheese-like
conditions, substrate hydrolysis patterns
were consistent with high general AP
(aminopeptidase Nand aminopeptidase C)
activity. At pH 6.8 without salt, AP activity
was similar for Arg, Leu and Lys hydrolysis;
Ala and Met were hydrolyzed at half the
rate, but accounted for > 98% of the total
intracellular AP activity. In cheese-like con-
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Fig I. Influence of pH and salt on total intracellular aminopeptidase activity (panel A) and total
lipase/esterase activity (panel B) of starter cultures and flavor adjunct bacteria. Bacteria tested were
Llactis sspcremoris SI and SKI I; L lactis ssp lactis S3; Lhelveticus LH2I2 and CNRZ32; Lcasei
LC30I and LC202; and B linens BLI and BL2.

Influence du pH et du set sur l'activite totale d'une aminopeptidase intracellulaire (A) et sur l'activite totale d'une lipase/esterase (B) provenant de cultures de levains et de ferments generateurs
d'aromes. Les bactiries testees sont: L Iactis ssp cremoris Sf et SK/1; L Iactis ssp Iactis S3; L helveticus LH212 et CNRZ32; L casei LC30J et LC202; et B linens BLJ et BL2.

ditions the individual AP substrate hydrolysis pattern changed. Hydrolysis was dominated by Arg, Leu and Ala; Lys and Met
were equal, and accounted for 88 to 99% of
the total AP activity. Substrate hydrolysis
also shifted in cheese during ripening. Equal
activity between Arg, Leu, Lys, Met and
Ala was observed. In cheese, aminopeptidase N and aminopeptidase C activity
accounted for approximately 56% of the
total AP activity.

•

Lipase/esterase activity
LE activity was variable between strains at
optimum assay conditions; L helveticus
strains had the lowest total activity (fig IB).
Total intracellular LE activity was more
variable between strains than AP activity
(table 1). The majority of LE activity was
intracellular except in L helveticus strains.
No LE activity was found in cell-free supernatants. Despite variation in activity at opti-
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mum assay conditions, all cultures had low
LE activity under cheese-like conditions

•

(fig lB).
Methanethiol production

Methanethiol-producing capability was also
characterized in optimum and cheese-like
conditions. Whole cells grown overnight
and added to the optimum assay mixture
contained various MTPC (fig 2A). The lactic acid bacteria contained varying, but lower
MTPC than B linens BL2. Whole cells
150-r-_ _ _ _ _ _ _ _ _ _ ___,

tested in cheese-like conditions contained
lower MTPC than those in optimum conditions. Under cheese-like conditions B linens
BL2 contained the highest MTPC. However, if cells from this strain were lysed and
the CFE added to the assay mixture, no
residual MTPC was observed at cheese-like
conditions (fig 2B). Addition of Met and
Met-containing peptides induced MTPC
during cell growth (fig 3); however, no trend
was observed owing to peptide length or
composition associated with MTPC induction. Peptides formed in Cheddar cheese
from the hydrolysis of ~-casein by the lac-
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Fig 2. Influence of pH and salt on the methanethiol-producing ability of whole starter cultures and flavor adjunct bacteria (panel A) and cell-free-extracts (panel B). Bacteria tested were L lactis ssp cremoris Sl and SKH; L lactis ssp lactis S3; L helveticus LH212 and CNRZ32; L casei LC30l and
andlaBL2.
LC202;
linens
Influenceand
du BpH
et duBLl
sel sur
capacite ii produire du methanethiol de l' ensemble des leva ins et des
ferments generateurs d'aromes (A) et des extraits de cellules libres (B). Les bacteries testees sont:
L lactis ssp cremoris Sl et SKI 1 ; L lactis ssp lactis S3; L helveticus LH2/2 et CNRZ32: L casei
LC301 et LC202; et B linens BLl et BL2 .
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tococcal proteinase system also increased
MTPC. In the presence of the inducer this
increase lasted two to three generations,
which equals 5 to 7 h (fig 3, inset) and could
be reinduced later in the growth cycle with
the addition of more inducer.

Cheese making and trained sensory
evaluation
To explore the relationship between AP and
LE activities and flavor, each starter culture

was combined with each flavor adjunct to
make 60% reduced-fat Cheddar cheese. All
cheeses were within expected proximate
analysis parameters for Cheddar cheese,
with an average moisture of 49.2 ± 0.6%,
an average fat content of 13.3 ± 0.3%, an
average salt-in-the-moisture of 3.4 ± 0.2%,
and 0.6 ± 0.2% residual lactose at I d.

•

Enzyme activity during cheese ripening
was monitored (fig 4). Total AP activity
never exceeded 5 Lib*/mg protein/h in any
cheese tested and usually decreased during
aging. The hydrolysis patterns using chro-
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Fig 3. Induction of MTPc in B linens BL2 during growth. Inducer peptides were initially added to
2 mmoi/L Met into TSB. The same letter above a bar indicates that no significant difference was noted
(a= 0.025) when the means were compared by at-test. The peptides have been indicated with the single letter abbreviation for amino acids; A: Ala; M: Met; S: Ser; K: Lys; and L: Leu. The inset figure demonstrates the induction duration of MTPc in B linens BL2 during growth with a generation time of 2.5 h.
Induction de Ia capacite aproduire du mithanethiol (MTPC) chez B linens pendant sa croissance.
Les peptides inducteurs etaient initialement addi.tionnes de 2 nutwVL Met dans du TSB. La meme lettre
sunnontee d'une barre indique qu 'il n ya pas de difference significative entre les nwyennes comparees
avec un test de t (a= 0,025). Les acides amines des peptides sont indiques par une seule lettre d'abreviation :A pour Ala, M pour Met, S pour Ser, K pour Lys, et L pour Leu. La figure en midaillon nwntre
le temps
d'induction de MTPC chez B linens 812 au cours de sa croissance, avec un temps de generation
de
2,5 heures.
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Fig 4. Starter culture count (0 ), non-starter lactic acid bacteria count (D; not including brevibacleria),
total aminopeptidase activity (.6), and total lipase/esterase activity (0) during aging in cheeses raled
with significantly better flavor by consumer sensory evaluation. Panel A represents cheese made
with S I, panel B represents cheese made with S l + L helveticus CNRZ32, panel C represents cheese
made with S 1 + L helveticus LH212, panel D represents cheese made with S 1 + L casei LC30 1,
panel E represents cheese made with S 1 + B linens BL2, and panel F represents cheese made with SKI I
+ B linens BL2. All data are means of replicate cheese trials.
Denombrement des levains (0), des bacteries Iactiques non levain (0 brevibacterie non incluse), activite totale aminopeptidasique ( L}.) et activite de Ia lipase/esterase ( 0) pendant I 'a.ffinage des fromages
evalues comme ayant un gout significativement meilleur par un jury de consommateurs. A represente
lefromagefabrique avec SJ, B, celuifabrique avec SJ + L helveticus CNRZ32, C, celuifabrique avec
Sl + L helveticus LH212, D, celuifabrique avec Sl + L casei LC301, E, celuifabrique avec
Sl + B linens BL2 et F. celuifabrique avec SKI I+ B linens BL2. Toutes les donnees sont des
moyennes de fromages experimentaux faits en double .
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mogenic substrates was associated with general AP activity (aminopeptidase N or C)
throughout aging and were associated with
an increase in TCA-soluble nitrogen.
Lipase/esterase usually rose slightly during aging and peaked at 120 d, but remained
low during aging (fig 4). In cheese, the individual LE substrate hydrolysis was distributed between all the substrates tested.
The hydrolytic components, in descending
order, were caprylate, butyrate, laurate,
myristate, palmitate, stearate and propionate,
with a range of 29 to 4%.
Taste panels consiting of trained participants demonstrated that cheese made with
single strain starter cultures had a mild flavor with no bitter or off-flavors after
6 months (fig 5). L helveticus CNRZ32 produced a mild-flavored cheese after 6 months,
similar to cheese made with starter cultures
alone. B linens BLl produced slightly more
off-flavors than other adjunct bacteria tested,
while bitterness was more pronounced with
L casei strains. Cheese made with B linens
BL2 and L helveticus LH212 contained a
more pronounced Cheddar-like flavor than
cheese made with other flavor adjuncts.
However, total AP (R2 = 0.16 for consumer
overall acceptance), individual AP substrates, total LE (R 2 = 0.32 for consumer
overall acceptance), and individual LE substrates did not correlate with cheese flavor
data from consumer evaluation or trained
taste panel.

Consumer evaluation
Consumer preference for lower-fat Cheddar cheese was evaluated by untrained sensory evaluation. Consumers preferred
younger more mild Cheddar cheese with
significantly (P < 0.05) lower scores at 6
months. Starter culture (P = 0.006), flavor
adjunct (P =0.003; table II) and the interaction between starter culture and adjunct
significantly (P < 0.02) influenced consumer

•
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Fig 5. Canonical analysis of trained sensory evaluation after 6 months of aging. L lactis ssp cremoris S3 was not included because the samples
were too bitter. Flavor profiles from L lactis ssp
cremoris S l ( 0 ), L [act is ssp cremoris SK ll
( - ), L helveticus CNRZ32 ( - ), L helveticus
LH212(--- ·),LcaseiLC301 ( ·· ),Lcasei
LC202 (- - ), B linens BLI ( - ) and B linens
BL2 ( - ) are shown.
Analyse canonique des resultats d'analyse sensorielle avec unjury entrafni apres 6 mois d'affinage. L lactis ssp cremoris S3 n 'est pas incluse,
car les echantillons itaient trop amers. Les profils aromatiques des bacteries L lactis ssp
cremoris Sl ( 0 ), L lactis ssp cremoris SKJJ
( - ), L helveticus CNRZ32 ( - ), L helveticus
CNRZ212 (---- ), L casei LC301 ( - ),
L casei LC202 (- - ), B linens BLI ( - ),
B linens BL2 ( - ) sont montres.

flavor preference (table III). Flavor adjuncts
formed two groups; L helveticus LH212 and
B linens BL2 were most preferred (tables II
and III). These data highlight strain variation
and its importance regarding cheese flavor
in starter cultures and flavor adjunct bacteria.

•

The interaction between the starter culture
and adjunct is noticeable when comparing
the relative flavor ranking of cheese made
with L helveticus CNRZ32 and B linens BL2
at different ages (table III). For example,
consumers significantly preferred L helveticus CNRZ32 and B linens BL2 over
other adjuncts paired with L lactis ssp ere-

•

•
395

Cheddar cheese flavor

•

Table II. Consumer flavor preference for 60% reduced-fat Cheddar cheese with starter culture and
adjunct flavor bacteria as independent variables .
Preference des consommateurs en matiere d'arome pour des cheddar a teneur en matiere grasse
reduite tk 60% avec les levains et les bacteries generatrices d'arome comme variables independnntes.
Starter culture

Flavor adjunct bacteria

L lactis ssp cremoris S I •

L helveticus LH212"

L /actis ssp cremoris SK II b

8 linens BL2"

L lactis ssp lactis S3c

L helveticus CNRZ32b
8 linens BLI b

LcaseiLC30lb
L casei LC202b
Cultures are ranked in descending order of preference; the same letter indicates no significant difference (a= 0.01).

Les cultures sont classees par ordre de preference decroissante, Ia meme lettre indiquant /'absence de difference significative (a= 0,01 ).

Table III. Consumer flavor preference for 60% reduced-fat Cheddar cheese during aging based on
the interaction between starter culture and flavor adjunct.
Preference des consommateurs, en matiere d'arome, pour des cheddar ateneur en matiere grasse
reduite tk 60 % pendnnt l'affinage, reduction fondee sur l' interaction tks levains et tks bacteries generatrices d'arome.
2 Months

•

Sl + BL2"
Sl +CNRZ32"
SKI!+ BL2b
Sl + LH212b
S3bc
SIC
SKlld
SKll +BLld
SKI!+ LH212d
Sl +LC202de
Sl + BLle
SKI! + CNRZ32e
Sl + LC30lf
S3 +LC30tf
SKI! + LC202f
S3 +LH212g
S3 +LC202g
SKI! + LC30lg
S3 + BLlh
S3+CNRZ32h
S3+BL2;

4 Months

S3"
st•
Sl + LH2l2b
Sl +CNRZ32b
Sl + BL2b
SKI I+ BL2bc
SKllC
Sl + BLld
SKll + LC202d
SKll + LH212d
SKI!+ BLld
S3+LH212e
SKI I+ CNRZ32e
Sl +LC30le
S3 +LC30lef
Sl +LC202r
S3+ LC202f
S3 + BLlg
S3+CNRZ32g
S3 + BL2g
SKI I + LC30lg

6Months

Sl +BL2"
SKI! +BL2"
Sl"
Sl + LC30tb
Sl +LH212b
SKllbc
Sl +CNRZ32C
S3C
SKll + LH212c
SKll +BLld
SKI! + LC202d
Sl +BLld
SKll + LH212d
Sl +LC202e
SKll + LC30tef
S3 +LC30lr
S3+BL2g
S3 + LH212g
S3 +LC202h
S3 + BLli
S3 +CNRZ32i

Cultures are ranked in descending order of preference; the same letter indicates no significant difference (a= 0.02).
Les cultures sont classees par ordre de preference decroissante, Ia meme lettre indiquant /'absence de difference significative (a= 0,02).
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moris S I at 2 months, but preferences
decreased when these flavor adjuncts were
paired with either of the other two starters.
This type of preference switching was
noticeable at all time points.

DISCUSSION AND CONCLUSION
Cheese flavor development is largely the
result of microbial activity in ripening
cheese (Schormilller, 1968; Reiter and
Sharpe, 1971 ). Most investigators agree that
proteinases and peptidases are important to
cheese flavor development, but little is
known about the relative influence of individual proteolytic enzymes (Fox et al, 1993).
As a result, most cheese manufacturers rely
on empirical information to select cheese
making strains. We investigated the influence of AP, LE and MTPC in an attempt to
link specific enzyme activities in simulated
cheese-like assay conditions with desirable
flavor characteristics in reduced-fat Cheddar
cheese.
Intracellular AP activity decreased with
increasing NaCI and decreasing pH and was
not correlated with trained or consumer sensory evaluation. The residual activity was
dominated by hydrolysis of substrates associated with arninopeptidases N or C, but the
relative contribution of individual substrates
associated with general AP activity changed
depending on the condition tested. Laboratory experiments in simulated cheese-like
conditions accurately reflected the total AP
activity in cheese, but did not predict the
contribution of specific substrates, suggesting that other parameters in addition to pH
and salt-in-the-moisture influenced AP activity during aging. Cultures with higher
aminopeptidases N or C-type hydrolysis patterns did not increase the flavor of low-fat
cheese, which agrees with the results of
McGarry et al ( 1994) and Christensen et al
(1995).

Intracellular LE activity also decreased
with the addition of NaCl and the reduction
in pH to 5.2. Residual LE activity in simulated cheese-like conditions and cheese curd
was dominated by shorter-chain fatty acid
hydrolysis. As cheese ripened, LE activity
generally decreased even though cell numbers increased, suggesting that LE activity in
cheese curd was not associated with intracellular enzymes. After 120 days of ripening,
LE activity was lower in all cheeses, suggesting that these enzymes have a limited
life in cheese, or that inhibitors were produced during aging. Intracellular LE activity also was not correlated with increased
cheese flavor during aging. The lack of AP
and LE activity correlation to cheese flavor
suggests that other possibly secondary
metabolic reactions may play a role in converting protein and fat to desirable flavor
compounds.
There was considerable variability in
MTPC under cheese-like conditions; lactobacilli and brevibacteria contained significantly more MTPC than lactococci, which
may explain why the addition of lactobacilli
and brevibacteria improved Cheddar-type
flavor as assessed by trained taste panels.
Whole cells retained MTPC, while CFE
contained no measurable MTPC cheese-like
conditions, suggesting that the enzymes
responsible for methanethiol production are
not active in the cheese matrix during ripening. At least two enzymes, cystathionine
~-lyase and Met y-demethiolase, contribute
to MTPC via related pathways (Ferchichi
et al, 1985; Alting et al, 1995). While Alting
et al ( 1995) claimed that they detected cystathionine ~-lyase activity at pH 5.2 with
4% NaCl, we did not observe MTPC in CFE
under these conditions. These results need
further study to determine whether both
enzymes are inhibited upon cell lysis and
are released into the cheese matrix.

•

•
•

The ability of MTPC to be maintained
and induced in whole cells suggests that
methanethiol is produced during cheese

•
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aging. Met or Met-containing peptides are
required for sustained MTPC activity during
cheese ripening. A possible source of Met
during aging is casein-peptides derived from
the action of the lactococcal cell wall proteinase (Smid et al, 1991; Exterkate et al,
1995; Reid et al, 1995) with a measured
concentration of< 0.5 J.tmoVg to 1.6 J.tmoVg
in the cheese matrix during aging
(Christensen et al, 1995). Laboratory results
for methanethiol production have confirmed
the results found during aging for whole
cells and CFE, suggesting that this may be
an important selection criterion for use of
starter cultures. In accordance with the findings of McGarry et al ( 1994) and
Christensen et al (1995), AP activity did not
appear to be a primary factor in improving
cheese flavor.
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L-Methionine 'Y-Iyase (EC 4.4.1.11) was purified to homogeneity from Brevibacterium linens BL2, a corynefonn bacterium which has been used successfully as an adjunct bacterium to improve the flavor of Cheddar
cheese. The enzyme catalyzes the cx,'Y elimination of methionine to produce methanethiol, ex-keto butyrate, and
ammonia. It is a pyridoxal phosphate-dependent enzyme, with a native molecular mass of approximately 170
e.- kDa, consisting of four identical subunits of 43 kDa each. The purified enzyme had optimum activity at pH 7.5
/ \lnd was stable at pHs rangin;:_ from 6.0 to 8.0 for 24 h. The pure enzyme had its highest activity at 25°C, but
f.!)- · ts aetMty eeeul'l'ed fEe~S t9'A,50°C. Activity was inhibited by carbonyl reagents, completely inactivated by 1\ (Ntt~ 4(.+\tDL-propargylglycine, and uball'ected by metal-chelating agents. The pure enzyme had catalytic properties 1 bt.fwunll
similar to those of L-methionine 'Y-lyase from Pseudomonas putida. Its Km for the catalysis of methionine was
-j 1\ G4-tM ~SIS 6.12 mM, and its maximum rate of metabeli&mJlVas 7.0 p.mol min-• mg- 1• The enzyme was active under salt /1.1. 1-lr'ld/\
and pH conditions found in ripening Cheddar cheese but susceptible to degradation by intracellular proteases.

I.J ·

t'

Methanethiol is associated with desirable Cheddar-type sulfur notes in good-quality Cheddar cheese (2, 27). The mechanism for the production of methanethiol in cheese is unknown,
but it is linked to the catabolism of methionine (1, 15). L-Methionine 'Y-Iyase (EC 4.4.1.11; MGL), also known as methionase,
fI
L-methionine 'Y-demethiolase, and L-methionine methanethiollyase ( deaminating), is a pyridoxal phosphate (PLP)-dependent enzyme that catalyzes the direct conversion of L-methionine to a-ketobutyrate, methanethiol, and ammonia by an
:
a.'Y-elimination reaction (26). It does not catalyze the conver, : eno.nf;4'-III!!Ssion of o~aatigme" (24-26). MGL in Pseudomonas putida is
:1\ -::.
a multifunctional enzyme system since it catalyzes the a,'Y- and
cx,~-elimination reactions of methionine and its derivatives
(24). In addition, the enzyme also catalyzes the ~-replace
ment reactions of sulfur amino acids (24 ). Since its discovery
in Escherichia coli and Proteus vulgaris by Onitake (19), this
enzyme has been found in various bacteria and is regarded
as a key enzyme in the bacterial metabolism of methionine.
However, this enzyme has not been purified to homogeneity
from any food-grade microorganisms.
MGL is widely distributed in bacteria, especially in pseudomonads, and is induced by the addition of L-methionine to the
culture medium {9, 28). The enzyme has been purified from
Pseudomonas putida (25), Aeromonas sp. (26), Clostridium sporogenes (11), and Trichomonas vaginalis (16) and partially purified from and characterized for Brevibacterium linens NCDO
739 (4).
B. linens is a nonmotile, non-spore-forming, non-acid-fast,
gram-positive coryneform bacterium normally "found on the
surfaces of Limburger and other Trappist-type cheeses. This
organism tolerates salt concentrations ranging between 8 and
20% and is capable of growing in a broad pH range from 5.5 to
9.5, with an optimum pH of 7.0 (20). In Trappist-type cheeses,
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brevibacteria depend on Saccharomyces cerevisiae to metabolize lactate, which increases the pH of the curd, as well as to
produce growth factors that are important for their growth
(20). Interest in B. linens has focused around its ability to
produce an extracellular protease, which has recently been
isolated (21), and its ability to produce high levels of methanethiol (3, 9, 10, 22).
B. linens produces various sulfur compounds, including methanethiol, that are thought to be important in Cheddar-like
flavor and aroma (3, 9, 10, 22). Ferchichi et al. (9) suggested
that MGL is responsible for the methanethiol-producing capability of B. linens but did not provide definitive evidence.
Weimer et al. (28) proposed that B. linens BL2 is responsible
for Cheddar-type flavor development in low-fat cheese, but
again conclusive evidence was Jacking. In this study, MGL was
purified to homogeneity from B. linens BL2 and its physical
and chemical properties were examined.
MATERIALS AND METHODS
Chemicals. L·Ethionine, L-methionine sulfone, L-methionine sulfoxide, L-cys·
teine, S-methyi·L-cysteine, 0-actetyl-L-serine, DL-selenomethionine, DL-seleno·
cysteine, S-adenosylhomocysteine, and S-adenosylmethionine were purchased
from Auka (Ronkonkoma, N.Y.). PLP was obtained from Boehringer Mannheim GmbH (Mannheim, Germany); all other chemicals were obtained from
Sigma Chemical Co. (St. Louis, Mo.). Size exclusion standards for the calibration
of the gel filtration column were obtained from Pharmacia Biotechnology (Upp·
sala, Sweden). Unless otherwise mentioned, all reagents used in this study were
of analytical grade.
Bacterial strain and growth conditions. B. linens BU, obtained from the Utah
State University culture collection, was frozen ( -700C) in Trypticase soy broth
(TSB) containing 30% glycerol and stored at -700C until further use. Before
each use, a frozen stock culture was thawed and grown in 5 ml of TSB at 25•c
with aeration (250 rpm) for two transfers prior to inoculation-for further studies.
Enzyme assays. Amounts of free thiol groups were determined by the method
of Laakso and Nurmikko (12). The assay mixture contained 50 mM potassium
phosphate (KP; pH 7.2), 10 mM L-methionine, 0.02 mM PLP, 0.25 mM 5,5'dithio-bis-2-nitrobenzoic acid and the enzyme in cell extracts (CEs) or in pure
form in a final volume of 1.0 ~1. The reaction mixture was incubated quiescently
at zs•c for 1 h and observed at 412 nm in a double-beam model UV2100U
spectrophotometer (Shimadzu Scientific Instruments, Inc., Pleasanton, Calif.).
The concentration of thiols produced was determined from a standard curve
obtained with solutions of known concentrations of ethanethiol.
a-Ketobuiyrat<: produced by the a,"f elimination of methionine was measured
by derivatizing the reaction mix with 3-methyl-2-benzothiazolone hydrazone
(23). The assay mixture (18) contained 50 mM KP (pH 7.2), 10 mM L-methio-

nVIIIVIt.

2

DIAS AND WEIMER

nine, 0.02 mM PLP, and >0.015 U of the enzyme in a final volume of 0.5 mi. The
reaction mixture was incubated at 25•c for I h, and the reaction was stopped by
the addition of trichloroacetic acid to a final concentration of 5%. After centrifugation at 16,000 X g for 2 min, the a-ketobutyrate formed in the supernatant
solution w,s determined with 3-methyl-2-benzothiazolone hydrazone (23).
Isolation and purification of MGL. Purification steps were carried out at 0 to
5•c unless otherwise mentioned. B. linens BU was grown in TSB with 0.1%
L-methionine at 25•c for 36 h with shaking at 250 rpm. Cells from 10 liters, grown
in 10 2-liter baflle flasks, were harvested by centrifugation (6,000 X g for 10 min
at 4°C) and washed twice with 50 mM KP (pH 7.2). Washed cells were resuspended in 50 mM KP (pH 7.2) containing 1 mM phenylmethylsulfonyl fluoride
(PMSF), I mM EDTA, 0.02 mM PLP, 2% ethanol, and 1 mg of lysozyme per ml
and incubated at 37"C for 1 h to lyse the cells. DNase I (0.25 jl.g/ml; Sigma
Chemical Co.) was then added to the cell lysate, stirred at room temperature for
I h, and centrifuged (10,000 X g for I h at 4°C), and the supernatant was
decanted and treated as the CE.
The,~E was fractionated with ammonium sulfate (AS). Crystalline AS was
added,grlldually over a period of 15 min to a beaker containing the CE in an ice
bath. Proteins precipitated by 55% saturation with AS and by 65% saturation
with AS were collected by centrifugation (10,000 x g for 15 min at 4°C) and
dissolved in 50 mM KP buffer (pH 7.2) containing 1 mM PMSF, 1 mM EDTA,
0.02 mM PLP, and 2% ethanol. This was then desalted with a 30-kDa-Uitrafree
centrifugal ultrafiltration device (Millipore Corporation, Bedford, Mass.) by
centrifugation at 4,000 X g at 4•c.
The retentate with MGL activity was filtered though a 0.22-11-m-pore-size
low-level-protein binding filter (Millipore Corporation) before being loaded on
an anion-exchange column (DEAE-Fractogel [650 M]; EM Separations, Gibbstown, NJ.) equilibrated with 20 mM sodium phosphate (NaP; pH 7.2). The
column was washed with the same buffer containing 0.15 M NaQ until the
absorbance at 280 nm of the eluate decreased to less than 0.05 absorbance units.
The enzyme was then eluted with the same buffer containing 0.41 M NaQ.
The fraction containing the enzyme was desalted with a 30-kDa-Uitrafree
centrifugal filter unit ( 4,000 x g for I h at 4°C; Millipore Corporation). Solid AS
was added to the concentrated fraction to a final concentration of 15 M. The
sample was centrifuged (10,000 X g for 30 min at 4°C) and then filtered with a
0.22-11-m-pore-size low-level-protein binding filter; Gelman Sciences, Ann Arbor,
Mich.) to remove all precipitated proteins before being injected on a Porous PH
hydrophobic-interaction chromatography column (PerSeptive Biosystems, Framingham, Mass.). The column was equilibrated with 1.5 M AS dissolved in 20
mM NaP (pH 7.2). Proteins were eluted at 5 mVmin by linearly decreasing the
AS concentration from 100 to 0%. Absorbance was monitored at 280 and 480 nm
with a diode array detector (Beckman Instruments, Fullerton, Calif.) connected
to a high-performance liquid chromatograph (System Gold; Be<;kman Instruments).
Fractions were desalted with 30-kDa-Ultrafree centrifugal filter units (Millipore Corporation), after which the fraction containing activity was applied to a
Mono Q H,?/5 anion-exchange column (Pharmacia Biotechnology) equilibrated
with 20 mM NaP buffer (pH 8.0). Proteins were eluted at 1 mVmin with a linear
gradient from 0.3 to 0.4 M Naa.
R
The peak with MGL activity was then injected on a Superose 12 H, 10130.
(Pharmacia Biotechnology) gel filtration column equilibrated with 0.02 M KP
buffer (pH 7.2). The protein was eluted with the same buffer, and the peak with
activity was concentrated with a 30-kDa-Uitrafree centrifugal filter unit. The
enzyme was either assayed immediately or stored at -700C in 0.1 M KP buffer
(pH 7.2).
Protein assay. The total protein content in each CE was determined by the
bicinchoninic acid assay (Pierce Chemical Co., Rockford, Ill.) according to the
manufacturer's instructions. Bovine serum albumin was used to obtain a standard
curve.
PAGE. Discontinuous denaturing polyacrylamide gel electrophoresis (PAGE)
was performed with a 12% resolving and a 4% stacking gel as described by
Laemmli (13) in a Protean II Xi Cell (Bio-Rad Laboratories, Hercules, Calif.) at
30 rnA for 6 h. The proteins were visualized by silver staining (Phastgel silver kit;
Pharmacia Biotechnology). Broad-range molecular mass marker proteins (BioRad Laboratories) were used as references.
Estimation of molecular mass of the enzyme. The molecular mass of the
purified enzyme was estimated by size exclusion chromatography with a Superose
12 ~10/30 gel filtration column (Pharmacia Biotechnology) equilibrated with 20
mM KP buffer (pH 7.2) and calibrated with ferritin (440 kDa), catalase (232
kDa), aldolase (158 kDa), bovine serum albumin (68 kDa), ovalbumin (45 kDa),
ll-lactoglobulin (36 kDa), chymotrypsinogen A (25 kDa), and RNase A (13.7
kDa).
Substrate specificity of the purified enzyme. The ability of the purified enzyme
to catalyze elimination reactions against amino adds and substituted amino acids
was tested separately with L-methionine, o-methionine, L-ethionine, L-methionine sulfone, L-methionine sulfoxide, a-keto 'Y-methyl thiobutyrate (KMTB),
DL-homocysteine, L-qstathionine, L-qsteine, o-qsteine, L-<)'Stine, S-methyi-Lcysteine, 0-actetyl-L-serine, DL-selenomethionine, oL-selenocysteine, S-adenosylhomocysteine, S-adenosylmethionine, DL-homocysteic acid, and L-djenkolic acid.
Activity was measured by incubating the enzyme in 0.05 M KP buffer (pH 7.5)
containing 0.02 mM PLP at 25•c for 1 h with 10 mM each substrate. We

TABLE l. Purification of MOL from B. linens BL2
Purification
step
CE S('!eetre(:lhetemchy
AS fractionation
DEAE-Fractogel anion-exchange chromatography
Porous PH hydrophobic-interaction chromatography
Mono Q anion-exchange
chromatography
Superose 12 gel filtration

Total
protein
(mg)
495
182
75

Total
activity
(U")

Sp act
(U/mg)

Purification
factor

Yield.
(%)

1,389
1,100
522

2.8
6.0
6.8

1.0
2.2
2.4

100
79.2
37.6

1.2

86

71.5

25.5

6.2

0.08

14

177.3

63.3

1.0

O.Dl

2

228.9

81.7

0.2

5S

• One unit is defined as 1 nmol of thiol generated per mio.

measured a-keto acids produced from each substrate, with the exception of
KMTB, for which thiol production was determined.
Influence of temperature and pH. Optimum temperature for 1-h assays was
determined by assaying activity over temperatures ranging from 4 to SOOC in 0.05
M KP buffer (pH 7.5), with each buffer being made at each of the tested
temperatures. Temperature stability of the enzyme was determined by incubating
the enzyme in 0.05 M KP buffer (pH 7.5) for up to 1 h at temperatures ranging
from 4 to 500C. Aliquots were removed at various times, and residual activity was
measured at 2SOC in 0.05 M KP buffer (pH 7.5) by determining the amount of
a-ketobutyrate produ~ with 10 mM M7t ~~~~~- Th~~l i_!?acti~~_!ion____ __
parameters were obtamed from a plot;~,l? ~.ve;-;us liT, where k Is-the rate
c
constant for denaturation of the enzyme and Tis the absolute temperature. aMI- "
A f&QRI the slepe ef E.IR, where£. is the energy of activation for the denaturation~ s
reaction and R is the universal gas constant expressed in joules per mole per ./k I
1
degree.
The stability and optimum pH of the enzyme were determined at 25°C with 50 "V t_fl
mM potassium citrate (pH 4.0 to 6.5), 50 mM KP (pH 6.5 to 8.0), and 50 mM &,. 1.,
potassium-glycine-NaOH (pH 8.0 to 10.0) buffers. The pH stability of the enzyme
/ 1'
was determined by incubating the enzyme at each pH with 0.02 mM PLP for 24 h
at 4°C. Residual activity was measured by incubating the enzyme in 0.05 M KP
buffer (pH 7.5) at 25•c for 1 hand by determining the amount of cx-ketobutyrate.
produced with 10 mM Met as the substrate.
lnftuence of inhibitors. Compounds tested for their inhibitory effects included,.._
I
hydroxylamine, L-penicillamine, N-ethylmaleimide, iodoacetate, EDTA, Tris, a.K'It
and glycine. The enzyme was incubated with 1 and 10 mM concentrations of the
CJcompound for 10 min before addition of substrate (10 mM L-Met). The amount
C. 1 t
of a-ketobutyrate produced after incubation at 25°C for 1 h was then determined.
Kinetic studies. Enzyme kinetics for the a;y-elimination reaction was determined with methionine as the substrate and by measuring the amount of meth- ·
anethiol produced with DTNB (12). The enzyme was incubated with 0.05 M KP
(pH 7.5), 0.02 mM PLP, 0.28 mM DTNB, and 0.1 to 40 mM Met. The reaction
was started by the addition of substrate, and product formation was monitored
continuously at 412 nm with a model UV2100U double-beam spectrophotometer
(Shimadzu Scientific Instruments, Inc., QehtMI!ia, Md.). The Kms and maximum .;:<:
rates of metabolism for the enzyme reactions were estimated from Eadie-Hofstee plots.
Absorption spectrum of the enzyme. The absorption spectrum of the enzyme
was measured with a diode array detector attached to a high-performance liquid
chromatography unit (Beckman Instruments) by gel filtration chromatography
on a Superose 12 H/\10130 column during the final purification stage of the/'enzyme.

R-

RESULTS

Purification of MGL. Purification of MGL to homogeneity
was accomplished in five successive steps (Table 1). Eighty
percent of the enzyme activity precipitated between 55 and
65% AS. In the second step, the enzyme eluted between 0.21
and 0.41 M NaCI during anion-exchange chromatography on
DEAE-Fractogel. In the third step, we used hydrophobic-interaction chromatographyA.column and the enzyme was eluted 1\ Cf'(l
with 0.75 MAS. During the Iourth step, done by anion-exchange f'ot,
chromatography with a Mono Q if::5i:i column, the enzyme~
eluted with 037 M NaCL The enzyme was finally separated from
other proteins by gel filtration chromatography on Superose.
12. This scheme resulted in a homogeneous enzym«< (Fig. 1)
which was purified 82-fold, with an activity yield of 0.2%.
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24 h (Fig. 3). Partially purified as well as pure enzyme could be
stored on ice at 4°C in 0.05 M KP (pH 7.5) with 0.02 mM PLP
without significant loss of activity for over 2 weeks. Freezing
and thawing the enzyme solution resulted in a loss of over 60%
of the enzyme activity, and the enzyme was labile at temperatures greater than 30oC (Fig. 4). The staAdard f.ree eRergy of
actiuatieA was 186 kJ mol , for1iJe denaturation reactio~
-whielrdemonstrated first-order kineti~C41-Id 1-.o.d .::>. s-la.r)d arcl
Enzyme inhibitors. The enzyme was completely inhibited by W.Z¥"c.
1 mM concentrations of carbonyl reagents, such as hydroxyl- a.diC:.,
amine, an!i by a 10 mM concentration of DL-penicillamine. f
'-1 DL-PropargJglycine completely inhibited enzyme activity at 0
I
-'?\ 1 mM (TaOle 3). Thiol-reducing agents, such as iodoacetate, l<t. J r
did not decrease activity at 1 mM but did so at 10 mM. Metalchelating agents did not influence enzyme activity. Enzyme
('
\
activity decreased with increasing concentrations of NaCl (Fig.
~2C). At a 5% NaCl concentration the enzyme retained 10% of
:
its activity.
.
\ _
'P
~yQ\.IIC\\'"Ic..tt'-c... ·

21K

FIG. 1. Sodium dodecyl sulfate-PAGE analysis of different stages during. the
I..Jurification of MGL from B. linens BUALan~ 1, ~; 2, 55 to 65~ ~m?m
I\ 0-r ;fTAO"t•">sulfate fraction; 3, DEAE-Fractogel column~; 4, hydropbobtc-mteract!on
. .
column mb:tdfe; 5, Mono Q; 6, Superose 12; 7, molecul~r ~ass marker P'"?tems.
. C4n/a.t nt
Approxllllate molecular masses in kilodaltons (K) are mdtcated on the nght.

.P

R_

'::J

, en3yme.. t:t.cft.,1J

•
. 1

tt!mfOKU~.
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Enzyme size and absorbance c~racteristics. The m~lecular
mass of the native enzyme was est1mated to be apprmamately
170 kDa and was determined during the final stage of purification with a Superose 12 gel filtration column. When the gel
was electrophoresed under denaturing conditions by sodium
dodecyl sulfate-PAGE (Fig. 1), a single band with an _approximate molecular mass of 43 kDa was observed. Analys1s of the
absorption spectrum of the purified enzyme demonstrated a
peak at 420 nm in addition to a peak at 280 nm.
Substrate specificities. The activities of the purified enzyme
on various substrates were determined by the production of
a-keto acids. The production of thiols from KMTB was monitored. The purified enzyme was capable of cata_.blzing the a,'Y
elimination of a number of substrate~ DL~ionine and
DL-homocysteine,.6 produced more activity 1With tl;:t: tab-6H&tei than with methionine (Table 2). Addition of oxygen
atoms to the sulfur atom of methionine, as was observed by
using L-methionine sulfone and L-methionine sulfoxide as substrates, resulted in over 50% decreaSe in activity. The enzyme
activities against S-adenosylmethionin~ and S-a~en?sylhomo
~cysteine were less than 7% of that~t meth1onme. When
the sulfur atom of methionine was replaced with a selenium
atom, the enzyme was still able to catalyze the elimination
reaction. L-Cysteine was degraded to 2% of the level of activity
on methionine; however, addition of a methyl group to the
sulfur atom of cysteine made it much more susceptible to
degradation. The o enantiomers of methionine and cysteine
did not serve as substrates for the enzyme.
Kinetic parameters. The Km for the catalysis of methionine
as determined from the rates of methanethiol and a-ketobutyrate production was found to be 6.12 mM, and the maximum
rate of metabolism as determined from Eadie-Hofstee plots
was found to be 7.0 J.Lmol min- 1 mg- 1 •
Influence of temperature and pH. The pH optimum for the
a,-y elimination of methionine was 7.5 to 8.0 (Fig. 2A). At pH
S.~he enzyme retained over 20% of its_activity, a! pH_4.5 its
act1vity decreased to 10%, and at pH 4.~ .tt beca~e ma~ttvated.
At pH 7.5 the enzyme had highest act1v1ty at 25 C (F1g. 2B).
The enzyme was stable at pHs ranging from 6.0 to 8.0 for

+

3
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DISCUSSION

In this study MGL from B. linens BL2 was purified to homogeneity and subsequently characterized. MGL converts methionine to methanethiol, a compound associated with desirable Cheddar cheese flavor (2, 27). Although Collin and Law
(4) reported the partial purification of MGL from B. linens,
this is the first report of the purification to homogeneity of
MGL from a food-grade microorganism. Purification was completed in five steps, with a 0.2% yield. The purification scheme
of Nakayama et al. (18) was initially used in an attempt to
purify the enzyme; however, different elution patterns were
observed, suggesting a difference in the physical properties of
the enzymes from the two species. Failure to include PMSF
and EDTA in the cell lysis buffers resulted in a rapid loss of
enzyme activity due to proteolytic degradation. By anion-exchange chromatography on DEAE-Fractog:l, a 41% ~ed~ction
in the yield of the enzyme was observed Without a s1gmficant.
increase in specific activity; however, this step was found to be
essential to remove lipids from the sample and prevent subse-

TABLE 2. Substrate specificities of purified MGL
from B. linens BL2
Substrate

Relative
activity (% )"

DL-Homocysteine ....................................................................... 134 :t 22
DL-Ethionine .............................................................................. Ill :t 8
L-Methionine.............................................................................. I 00
DL-Selenomethionine ................................................................ 80 :t 8
L-Methionine sulfone ..................................................... ,.......... 45 :!: I
L-Methionine.sulfoxide ............................................................. 42 :t 4
S-Methyl L-Cysteine ................................................................... 36 :!: 5
0-Acetyl L-serine.......................................................................
18
5-Adenosylmethionine.............................................................. 7 :t I
L-Cysteine ................................................................................... 2 :!: I
5-Adenosylhomocysteine.......................................................... I :t I
o-Methionine ............................................................................. 0 J;:JJ2-DL-Methionine DL-sulfoximine.................................................
0
L-Cystathionine ..........................................................................
0
0-Succinyl L-homoserine..........................................................
0
L-Cystine .....................................................................................
0
KMTB.........................................................................................
r:l'
L-Djenkolic acid.........................................................................
0
• Determined ';,y a-keto acid production. The values are means of three de·
terminations ± s:_andard deviations.
b Determined t•y thiol production.
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quent columns in the purification procedure from being poisoned.
The total molecular mass of the purified enzyme was 170
kDa, with four subunits of 43 kDa (Fig. 2). In this respect, the
enzyme is similar to other purified MGLs (16, 25); however,
MGL from C. sporogenes has been reported to contain two sets
of nonidentical subunits (11).

120
110
100

The Km for the catalysis of methionine, as determined from
the rates of methanethiol and a-ketobutyrate production, was
found to be 6.12 mM. The Km of the brevibacterial enzyme is
approximately six times higher than that observed for the
pseudomonad enzyme. Ferchichi et a!. (8) determined the approximate Km in CE of B. linens CNRZ 918 for L-methionine
to range from 14 to 46 mM depending on the growth phase of
the cells. However, since a CE is a complex environment containing many enzymes, it is difficult to make any comparisons.
Since methionine is required by this strain (5) for growth, this
Km value for a methionine-degrading enzyme is reasonable.
The purified MGL was capable of the catalysis of L amino
acids (Table 2). In addition to..b.a¥iflg- sulfur and selenium- ....??'
containing amino acids, the enzyme had catalytic activity with
0-acetyl L-serine. Cystathionine and KMTB, however, were
not substrates. These results indicate that the enzyme is capa-ble of acting on C-S, C-Se, and C-0 bonds but not o
C-c bonds. Replacement of the thioether group of methionine with a sulfoxide or sulfone group decreased degradation.
Unlike the enzyme purified from P. putida (6), the enzyme
purified from B. linens BL2 did not degrade 0-succinyl L-homoserine.
The brevibacterial enzyme is similar to the pseudomonad·
enzyme (18) in its substrate specificity, but it is distinctly different from MGL purified from C. sporogenes (11) in its inability to catalyze L-cystine and its lower activity against Lcysteine. It differs from the enzyme purified from Aeromonas
sp. in that it has no activity toward cystathionine (7). The enzyme's catalytic properties also differ from the T. vagina/is
enzyme (16) in that it has much lower relative activities towards homocysteine, cysteine, and 0-acetyl serine. Despite
these differences, all reports note higher relative activity for
homocysteine than that~methionine. It is interesting to note f3'
TABLE 3: Effects of inhibitors on MGL activity from B. linens BL2
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lodoacetate
EDTA
Glycine
Tris

p
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I (

0
91. ~ ,
1

B~'o ·~
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• Determined by a-keto acid production. Enzyme activity on 10 inM Met
no inhibitor added was considered to be 100% activity.

0
0
0
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the high activity of this enzyme on homocysteine, a precursor
of methionine in the methionine~biosynthetic pathway, suggesting that this may be a substrate-level regulatory function.
The purified enzyme had an absorbance spectrum typical of
.tit "" ef other PLP--containing enzymes, with a characteristic
absorption maximum at 420 nm due to the azomethine linkage
e
I
f PLP d
.
f th
between t he 10rmy
group 0
an an ammo group 0
e
enzyme (17). Additionally, carbonyl reagents, known inhibitors
of PLP-containing enzymes, strongly inhibited this enzyme
(Table 3). These data indicate that, like other MGLs purified
so far, the MGL from B. linens BL2 is also a PLP-dependent
1·
h 1
d'd
t ffi t
enzyme. F urt hermore, meta IOn c e ators 1 no a ec enzyme activity, indicating that the enzyme is not a metalloenzytne:
The enzyme had highest activity at 25°C. However, this enzyme was not as temperature stable as the partially purified
enzyme from B. linens NCDO 739 (4). Other proteins in the
partially purified preparation may contribute to the temperature stability of the B. linens NCDO 739 enzym~.
S'milar pH
stability and pH optimum curves were obtained
compared
to those of the partially purified enzyme from B. l'
NCDO
739. However, a notable difference is that the enzyme from
B. linens BL2 had 18% residual activity at pH 5.0 compared to
only 2% for the enzyme from B. linens NCDO 739. This result
indicates that differences in the properties of the enzymes
produced by different strains within the same genera may exist.
Alternatively, impurities present in the partially purified enzy me preparation may affect activity.

The enzyme was active at the pH (Fig. 2A), temperature
(Fig. 2B}, and salt concentration (Fig. 2C) conditions existing
in aging Cheddar cheese, suggesting that this enzyme may be
active in the cheese matrix during ripening. However, residual
activity in this environment should not exceed 0.6% of the
activity under optimum conditions. Additionally, considering
the susceptibility of this enzyme to proteolysis, it is likely that
activity would rapidly decrease with cell lysis, supporting this
hypothesis. Weimer eta!. (28) tested CEs for the capacity to
produce methanethiol under cheese-ripening conditions (pH
5.2, 4% NaCI) but detected no activity. This outcome may be
explained by the fact that other enzymes, like proteases in the
CEs, may have inactivated the enzyme. Additionally, evidence
to support this theory is the rapid loss of the capacity to produce methanethiol observed for CEs stored in the absence of
protease inhibitors (data not shown). Alternatively, methanethiol produced may be converted to other compounds, likeSmethyl thioesters, by enzymes in the CE {14) which might be
active under cheese-ripening conditions.
An important consideration when evaluating the role of this
enzyme in the development of cheese flavor is whether the
cells lyse. If the cells are alive and metabolically active, as was
suggested by Weimer eta!. (28), then methionine can be transported into the cells, where it will be converted into methanethiol. Subsequently, methanethiol may either be converted to
other compounds or diffuse into the cheese matrix. If the cells
lyse or the membranes are permeablized, transport of methi. ·
h
11 'll 1
d'ff ·
h
omne mto t e ce WI re yon I USIOn and t e enzyme will be
exposed to many proteolytic enzymes in the cheese matrix.
Consequently, the ability of this enzyme to impact cheese may
be linked to the ability of the cell to resist lysis, persist, and
remain metabolically active during cheese ripening.
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INTRODUCTION

•

Quality and commercial value of Cheddar cheese are determined by proper development of quality
attributes during ripening. Proteolysis during ripening of Cheddar cheese has been indicated to be the most
important biochemical phenomenon associated with the development of cheese quality attributes. Proteolysis
has been shown to critically affect development of texture, flavor, and functionality of cheese. Proteolytic
activities in cheese represent a complex series of events that result in hydrolysis of major cheese caseins into a
broad array of different peptides and free amino acids. Proteolytic agents in cheese include enzymes
indigenous to the milk, proteolytic enzymes of psychrotrophic bacteria, residues of coagulating enzymes,
different proteases and peptidases from starter and non-starter bacteria, and enzymes added during
cheesemaking. Proteolysis during cheese ripening has been shown to be affected by ripening temperature
however, in most cases, effect of relatively high temperature has been investigated Information of small
differences in ripening temperature on rate and extent of proteolysis is very limited. Different chemical
approaches have been used to monitor proteolysis in cheese. In recent years, levels of free L-glutamic acid
have been suggested indicative to rate of proteolysis during ripening of some cheese varieties. L-glutamic acid
(L-Glu) accounts for about 16% mol of milk caseins. It can thus be expected that rate and extent of proteolysis
will be reflected in levels of free L-Glu accumulating in cheese.
Cheddar cheese flavor comprises a heterogeneous mixture of volatile and nonvolatile compounds
from many chemical, biochemical, and microbial activities accumulating during manufacture and ripening
(Fox et al., 1995). Proteolysis is important to flavor development (Fox et al., 1995); it influences the
background flavor intensity and provides important flavor precursors. It may also be responsible for off-flavors
(Aston and Creamer, 1986; Bakker and Law, 1994).
The importance of lipolysis to Cheddar cheese flavor is not fully understood (Bakker and Law, 1994)
however, importance of free fatty acids to cheese falvor has been highlighted (Arbige et al., 1986). Although
excessive levels of free fatty acids (FF A) cause lipolyzed off-flavors (Jeon, 1994), low levels of FFA may be
desired (Aston and Dulley, 1982).
Efforts have been made to enhance flavor development in Cheddar cheese and to overcome common
flavor problems (Seitz, 1990). Storing Cheddar cheese initially at higher temperatures (130 or 2ooq for a

•

short time, followed by storage at a lower temperature (8°C) successfully accelerated ripening without causing
reduction in quality (Aston et al., 1983). Transferring Cheddar cheese to higher storage temperature at a given
stage of ripening enhanced ripening without adversely affecting quality Fedrick et al. (1983)
Ripening Cheddar at properly adjusted and controlled time/temperature combinations may
successfully enhance and improve its flavor. However, care should be taken to avoid conditions that may lead
to development of off-flavors (Aston et al., 1983, 1985). The effects of ripening conditions on flavor
development in Cheddar cheese have been primarily examined by sensory evaluation (Aston et al., 1983, 1985;
Fedrick et al, 1983). Effect of ripening conditions on accumulation of volatile compounds in Cheddar cheese
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has been reported to only a limited extent. The effect of elevated ripening temperature on volatile profiles in
reduced-fat Cheddar cheese has not been reported yet.
Our objectives were to investigate the accumulation of selected flavor volatile compounds and free L-Glu in
full-fat (FF) and reduced-fat (RF) Cheddar cheese ripened at different time/temperature conditions.

METHODOLOGY
Two 10-day-old full- and reduced-fat Cheddar cheeses manufactured by a major CA cheese
manufacturer, using the same starter cultures and coagulating enzyme, and stored at S°C, were delivered to
our lab at 4-S°C. Moisture, fat, and ash contents were 39.1% and 43.9%; 32.8% and 20.9%; 4.21% and 3.9%
for FF and RF cheeses, respectively. For each variety, 2SO kg cheese, from the same vat, was used. Upon
arrival, cheeses were cut into 0.6 kg portions that were individually packaged (under vacuum) in Cryovac BK1
plastic bags (W. R. Grace Co., Duncan, SC). Cheese was ripened isothermally for 12 moat soc and 8°C.
Cheese was also ripened for 180 days at different time/temperature combinations (Schematic 1 and Table 1).
In all cases, ripening at each set of conditions was replicated.

Headspace volatile analysis
Accumulation of volatile compounds in cheese was monitored upon arrival at the lab (cheese age 10
days) and then during ripening at cheese ages 30, 90, and 180 days. Isothermally ripened cheeses (S°C and
8°C) were also tested at 360 days. In all cases, blocks of cheese were removed from ripening rooms and
immediately frozen at -80°C. Prior to analysis, samples were thawed (12 h, 4°C). Volatile compounds were
extracted from cheese headspace using the methods described by Chin et al. (1996). A sample (120 g) of
grated cheese was placed in a 2SO-mL wide-mouth Mason jar that was then tightly closed with a dome lid
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equipped with a Teflon-faced silicone septum. Sample-containing jars were held at 60o C in a water bath for 40
min prior to headspace sampling. Headspace volatiles were extracted (for 20 min) using a solid phase
microextraction device (SPME; Supelco, Bellefonte, PA) equipped with a polyacrylate-coated fiber (8S f.I.ID
thickness). The SPME fiber was inserted into the headspace through the Teflon septum.
Volatile compounds adsorbed on the SPME fiber were immediately thermally-desorbed (at 220°C) in
the injector port of a Varian 3400 gas chromatograph (Varian Inc., Walnut Creek, CA) and then separated on
a DB-1301 fused silica capillary column (30m x 0.2S mm i.d, 1 J.UU film thickness; J & W Scientific, Folsom,
CA) under conditions descnbed by Chin et al. (1996). In all cases, analysis was duplicated Identification of
volatile compounds was based on GC-MS analyses of cheese samples, as well as by matching chromatographic
retention times with standard compounds (Chin et al., 1996).
In all cases, changes in levels (amounts) of volatiles were evaluated by changes in area under
chromatographically separated peaks. Proportion of an individual compound in the headspace volatiles was
calculated as % of total peak area of all separated peaks. Proportion of an individual volatile within its
category (i.e., volatile free fatty acid, VFFA, or non-fatty acid volatiles, NFV) was expressed as % of total peak
area of the specific volatile category.
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Free L-glutamic acid
Free L-glutamic acid (L-Glu) content of the cheese was determined throughout the ripening period by using a
modification of the method described by Fritsch et al. (1992). A 10 mL sample of water soluble N fraction of
cheese WSN was mixed with 150 mL of distilled water (70°C). After cooling to 25°C, the volume was made
up to 250 mL, and the mixture was cooled to 4 °C. The mixture was then filtered, and the filtrate was used for
enzymatic determination of free glutamic acid using a L-glutamic acid test kit (Boehringer Mannheim
Biochemica Co., Mannheim, Germany). Analysis of replicate samples was carried out in quadruplicates (n=S).

Statistical analysis
In order to identify trends related to accumulation of the volatile compounds in different cheeses, data
reduction statistical methods were used. Chromatographic results were subjected to principal component
analysis (PCA). The analysis enabled identifying a small set of variables that accounted for a large proportion
of total variance. PCA was carried out using the SAS/STA-r® software (PRINCOMP Procedure; SAS Institute
Inc., Cary, NC) operated on a DEC Model3000/500 computer running with the OpenVMS operating system
(vl.5). In all cases, components were calculated from the correlation matrix (test default procedure). The effect
of all ripening conditions on VFFA and NFV patterns of 6-mo-old cheeses was analyzed by PCA.
Additionally, the overall effect of ripening conditions on volatile patterns in FF and RF Cheddar cheeses
during 6 mo ripening was tested by PCA of all chromatographic data pooled together. In all cases, area
percentage of each volatile was calculated and used as a variable for PCA. In all cases, significance of results
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was tested (P < 0.05) using the ANOVA procedure included in the SigmaStat® software (Jandel Scientific
Co., San Rafael, CA) .

RESULTS & DISCUSSION
Accumulation of free L-Giu
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Results presented in Figs. 1 and 2 indicated that in all cases, an increase in level of free L-Glu was observed
with ripening time. Results indicated significant effect of cheese composition and ripening conditions on the
accumulation of L-Glu. Results indicated that a small change in ripening temperature (3 degrees) has a
significant influence on accumulation of free L-glu. These results indicated that rate and extent of proteolysis
were significantly affected by the small change in ripening temperature.
The results suggested that activities of peptidases were significantly affected by the aforementioned
change in ripening conditions. These results suggest that proteolysis during ripening can be modulated by
introducing small changes in ripening temperature. It was noted that both acceleration and slowing down of
proteolytic activities could be affected by introducing a dynamic ripening profile.
Results presented in Fig. 3 indicated that accumulation of free L-glu was linearly correlated with
ripening time, for both cheese varieties, and for all ripening temperatures. These results suggest that changes
in levels of L-Glu with ripening time can be used as a ripening index. In light of the relatively simple
analytical procedure involved, this method can be implemented by cheese manufacturers in order to better
monitor cheese ripening.
Results also suggested that in all cases levels of free L-Glu changed in the order RF8 > FS > RF5 >
F5 thus indicating a significant higher rate of proteolysis in RF than in FF cheeses. Results presented in Fig. 4
indicated that levels of free L-Glu were linearly correlated with levels of N compounds soluble in 5% PTA
The latter has been suggested as a powerful ripening index that also indicates on flavor development in
Cheddar cheese. These results further suggest that levels of free L-Glu can be effectively used as ripening
indicators.
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Accumulation of volatiles
Volatile mixtures consisting of VFFA and NFV were extracted by SPME from headspace of FF and
RF Cheddar cheeses (Fig. 5, Table 2). The monitored volatiles were previously reported to be characteristics of
Cheddar cheese (Chin et al., 1996). Differences in levels and proportions of both VFFA and NFV were
evident between FF and RF cheeses throughout ripening. At cheese age 10 days, the proportion of ethanol in
FF cheese was about 50% of that found in the RF sample, and the proportion of acetoin in the headspace
volatiles ofRF cheese was about 10% of that found for the FF sample (Table 2). Other major differences were
related to butanoic acid, 2,3-butanediol, and 8-lactones (Table 2)
Total amounts of volatiles extracted from cheese headspace gas were affected (P < 0.05) by ripening
time and temperature (Fig. 6). For both FF and RF cheeses, for a comparable cheese age, larger (P < 0.05)
amounts of volatiles were extracted from headspace of cheeses ripened isothermally at soc than from those
ripened at 5°C (Fig. 6). In all cases, amounts of extracted headspace volatiles increased (P < 0.05) with
ripening time. Some of the non-isothermal time/temperature treatments (Table 1) affected the total headspace
volatiles.
At 1SO days, the total headspace volatiles extracted from FF cheese n was larger (P < 0.05)
than that extracted from any other FF cheese except cheeses t and u. Similarly, the total amounts of headspace
volatiles extracted from cheeses o, t, and u were all larger (P < 0.05) than that extracted from cheese p. The
total mount of headspace volatiles extracted from the 6-mo RF cheese N was not different from that extracted
from cheeses 0, S, U, and V (P > 0.05). At that cheese age, amount ofheadspace volatiles from cheese V was
larger than those extracted from cheeses M and R Amounts of headspace volatiles extracted from cheeses 0
and U were both larger than that from cheese M
These results revealed that for the isothermally ripened cheeses, a relatively small {3°C) increase in
temperature was enough to introduce notable differences in total amounts of headspace volatiles. For other
time/temperature combinations, results indicated that for both FF and RF cheeses, differences after 6 mo
ripening were more significant than those after 3 mo. Also ripening cheese at soc for a limited time during
ripening resulted, in some cases, in higher levels of total volatiles than those observed for cheeses ripened
isothermally at 5°C.
Information presented in Fig 7. revealed changes in the proportion ofVFFA and NFV extracted from
cheese headspace throughout ripening. Proportions of VFF A in headspace of FF cheeses ripened isothermallY
at 5°C and soc increased from 59.SJO/o (at cheese age 10 days) to 65.1% and 70.S9% (after 12 mo),
respectively. For RF cheeses, the proportion of VFFA increased from 55.41% (in 10-day-old cheese) to
63.86% and 66.56% after 12 mo ripening at 5°C and 8°C, respectively.
All the volatiles (Table 2) had been reported for Cheddar cheese and, in most cases, were indicated
important for Cheddar flavors (Dulley and Grieve, 1974; Keen and Walker, 1974; Wong et al., 1975;
Vandeweghe and Reineccius, 1990; Dacremont and Vickers, 1994; Eaton, 1994; Jeon, 1994; Christensen and
Reineccius, 1995). VFFA have been shown to provide the necessary aroma background, and possibly
contribute to the peppery taste of Cheddar cheese (Eaton, 1994). Lactones have been suggested to a<id
smoother and ~ellower flavors to Cheddar cheese (Wong et al., 1975). Although the presence of diacetyl {2,3butanedione) was not detected, its reduction products, i.e. acetoin and 2,3-butanediol, were found in all
samples.
Some compounds that usually exist in ripened cheese (aldehydes and ketones), as well as some
previously reported Cheddar cheese volatiles, were either not detected or were present in such small quantities
that precluded positive identification by MS. Among these were diacety1, ethyl esters of fatty acids, and
volatile sulfur compounds (Aston and Douglas, 19S3; Lin and Jeon, 19S5; Barlow et al., 19S9; Yang and Min,
1994; Arora et al., 1995; Christensen and Reineccius, 1995). Yang and Min (1994) reported that 2-butanone
and 2-butanol comprised 45% and 300A. of total volatiles in a 9-wk-old Cheddar cheese, respectively. The two
compounds were also not found in our study. These observations could be explained by differences in
selectivity and extraction efficiency between SPME and other volatile sampling methods (Yang and Peppard,
1994; Chin et al., 1996).
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Effects of ripening conditions on VFFA
Levels of individual VFFA were affected by cheese age, ripening temperature and cheese composition
(Fig 7). In all cases, the highest among-VFFA level was found for decanoic acid that accounted for about 30%
of total headspace volatiles. Levels and proportions of individual VFFA were affected to different extent by
ripening time. During 12 ripening mo, proportions of decanoic acid in total VFFA ranged from 39.9% to
S3.4% and from 42.4% to S3.6% for FF and RF cheeses, respectively. Overall, changes in levels of butanoic
and hexanoic acids were greater than those found for VFFA of higher MW (Fig. 7). Although present at the
lowest level among VFFA (Fig. 7), butanoic acid exhibited the sharpest changes with ripening time, and
accounted for 1.74% to 10.9% and for O.S3% to 9.S% of VFFA extracted from headspace of FF and RF
cheeses, respectively. These findings confirmed reports regarding VFFA in Cheddar cheese (Lin and Jeon,
19S7; Jeon, 1994; Chin et al. 1996). They also could support the results of Lin and Jeon (19S7) that suggested
the concentration of C4 and C6 fatty acids may be indicators for flavor development in Cheddar cheese.
Our results (Fig. 7) indicated an effect (P < O.OS) of ripening temperatures on levels of VFFA. In
most cases, for both FF and RF cheeses, of a given age, higher levels of VFFA were found in cheeses ripened
at S°C than in those ripened at S°C. This temperature-dependent effect was more profound for butanoic and
hexanoic acids than for other VFFA (Fig. 7). In most cases, throughout ripening, RF cheese ripened at SoC
had consistently higher levels of butanoic acid, and to a lesser extent of hexanoic, octanoic, decanoic, and
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dodecanoic acids, than FF cheese stored at S°C (P < O.OS). These observations suggest that ripening RF
Cheddar cheese at an elevated temperature could enhance the accumulation of desired VFFA such as butanoic
acid (Dacremont and Vickers, 1994). Throughout ripening (at S and S0 C), FF cheeses had higher (P < O.OS)
levels ofbutanoic, hexanoic, and octanoic acids than those in RF cheeses (Fig. 3). Differences between FF and
RF in levels of decanoic and dodecanoic acids were less (Fig. 3). Overall, levels ofVFFA in FF cheeses were
higher than in RF cheeses (for given ripening conditions and cheese age). This confirmed results ofDulley and
Grieve (1974).
PCA analysis of VFFA in 6-mo-old cheeses generated S principal components (Table 3), and
eigenvalues revealed that the first principal components (PCl and PC2) accounted for SS.3% of the total
variance and thus provided a good summary of the data. PCI reflected the contrast between butanoic and
hexanoic acids (high positive correlations) and decanoic and dodecanoic acids (high negative correlation). In
a similar manner, PC2 refJected a contrast between butanoic acid and octanoic acid
PCI and PC2 scores (Table 4) for the 6-mo-old cheeses revealed an appreciable between-varieties
difference in VFFA profile. In most cases, RF samples had negative PC1 scores while FF samples had positive
PC1 scores, thus suggesting an important role of butanoic and hexanoic acids and of decanoic and dodecanoic
acids in FF and RF Cheddar, respectively.
RF cheeses that were either not exposed to S°C (M), or ripened at that temperature only for a short
time (P), were characterized by a relatively high negative PC1 scores (Table 4). RF cheeses that were ripened
at soc for a relatively long time (cheeses Nand 0) had PC1 scores close to those obtained for FF samples

soc

(cheese m). Similarly, FF samples that were ripened at soc for a relatively long period (cheeses
stored at
nand v) had, in most cases, higher PCI scores than those found for FF samples stored at a lower temperature
(Table 4). These results thus indicated an increase in levels of butanoic and hexanoic acids as related to
increasing ripening temperature. Also, our results suggested that RF Cheddar ripened at S°C (even for a
limited time) could be expected to develop flavor characteristics, associated with butanoic and hexanoic acids,
that were similar to those ofFF Cheddar cheese ripened at S°C.
Cheeses that were ripened at S°C for a relatively long period (cbeeses n, o, N, Q) had negative PC2
scores, whereas those ripened at
for a relatively long period of time (cheeses M, p, s) had positive PC2
scores (Table 4 ). These results suggest the importance of butanoic acid in the flavor profile of Cheddar cheese
ripened at an elevated temperature and the importance of octanoic acid in the flavor of Cheddar cheese ripened
at a lower temperature. Among-FF cheeses differences in PC2 scores were larger than those for RF cheeses
(Table 4), thus indicating more effect of ripening conditions on FF samples .
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Effects of ripening conditions on NFV
In all cases (Fig. 7), larger amounts of ethanol were associated with RF cheeses than with FF cheeses
(P < O.OS). Pooling results for all tested cheeses revealed that, overall, proportions of ethanol in total
headspace volatiles ranged from 6.0% to 9.3% and from 1S% to 20% in FF and RF cheeses, respectively.
Differences (P < O.OS) in proportions of ethanol in total headspace NFV were observed between FF and RF
cheeses. Ethanol comprised between 1S.1% and 27.8% and between 37.1 and 48.9% of total NFV in FF and
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RF cheeses, respectively. Throughout ripening, RF cheese stored at S°C (RF-SC in Fig. 7) had consistently
higher (P < O.OS) levels of ethanol than those found in FF cheese stored at 8oc (FF-8C in Fig. 7). This
suggests that cheese composition had a greater effect on ethanol accumulation during ripening than did
ripening temperature.
Acetic acid accounted for 4.3% to 7.0% and for S.4% to 10.3% of total headspace volatiles in FF and
RF cheeses, respectively. Acetic acid proportions in the total headspace NFV ranged from 12.7% to 20.4%
and from 12.8% to 22.8% in FF and RF cheeses, respectively. Concentrations of acetic acid have been reported
to continuously increase with ripening time (Marsili, 198S; Barlow et al., 1989). Our results indicated an
increase during the first 3 ripening mo and a mixed trend after longer ripening time (Fig. 7). Throughout
ripening, levels of acetic acids were higher (P < O.OS) in RF than in FF cheeses, regardless of ripening
temperature. Relatively high levels of ethanol and acetic acid were suggested to be indicative of flavor defects
(Marsili, 198S). The relatively high levels of ethanol and acetic acids found in the RF variety may provide
explanation for some common flavor defects associated with RF Cheddar cheese.
Amounts of 0-dodecanolactone extracted from cheese headspace appreciably increased with ripening
time, especially in cheeses ripened longer than 3 mo (Fig. 7). Changes in levels of 0-decanolactone with
ripening time were smaller (Fig. 7). Overall, proportions of 0-decanolactone in total headspace NFV ranged
from 7.S% to 10.S% and from 3.6% to 4.8% for FF and RF cheeses, respectively. Proportions of 8dodecanolactone in total headspace NFV were higher than those of 8-decanolactone, and ranged from 9.2% to
18.5% and from 10.4% to 14.3% in FF and RF cheeses, respectively. In most cases, higher (P < O.OS) levels of
8-decanolactone and 8-dodecanolactone were found in FF than in RF cheeses.
For both FF and RF cheeses, proportions of acetic acid, 8-decanolactone, and o-dodecanolactone in
headspace volatiles during ripening at 8°C (Fig. 7) were higher than those in cheeses ripened at soc (at
comparable age). This temperature-dependent effect was not evident for ethanol and 2,3-butanediol (Fig. 7).
For both RF and FF cheeses, levels of acetoin reached a maximum after about 30 ripening days (Fig.
7). At later stages of ripening, levels of acetoin either remained fairly constant (FF-5C and RF-5C in Fig. 7),
or gradually disappeared from the cheese headspace (FF-8C and RF-8C). Acetoin was not detected in
headspace of 12-mo RF cheese (X). The results indicated that amounts of acetoin in cheese headspace were
affected by both ripening temperature and composition. In general, higher (P < O.OS) levels of acetoin were
found in cheeses ripened for < 6 mo at 8°C than in those ripened at S°C. However, the higher ripening
temperature was also associated with a faster decrease in acetoin levels with ripening time (Fig 4).
Throughout ri~ning, levels of acetoin in FF cheeses were higher (P < O.OS) than those found in RF cheeses
(Fig. 7). AWtQiP. has been reported to contribute to Cheddar-like aromas (Dacremont and Vickers, 1994), and
its low levels in IW Ch~r may influence flavor quality. Based on levels of 2,3-butanediol found in RF
cheeses (Fig 7), the low levels of acetoin found in RF cheeses could not be solely attnbuted to its conversion
into 2,3~ediol. For cheeses aged < 1 year, in all but one case, levels of 2,3-butanediol were higher (P <
0.05) in RF than in FF cheeses (Fig. 4). At a'cheese age of1 year they were higher in FF cheese.
PCA of results regarding NFV in 6-mo cheeses generated 6 PCs with the first two accounting for
86.5% oftotal variance, as. determined by the eigenvalues (Table S). The first principal component (PC1)
reflected the contrast between the variables acetoin and 0-decanolacton~ (high positive correlations) and the
variable· ethanol (high negative correlation).
PC2 showed a contrast between acetic acid and 8dodec3nolactone (Table S).
Notable between-varieties differences in PCA scores (Table 6) were found Regardless of ripening
conditions, all RF cheeses had negative PCl scores while all FF samples had positive PC1 scores. That is, all
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of FF samples were characterized by relatively high levels of acetoin and B-decanolactone, whereas all RF
samples had relatively high levels of ethanol. Acetoin is related to diacetyl and is expected to contribute
buttery notes to Cheddar cheese. Similarly, 8-decanolactone had been indicated as one of the character-impact
compounds in butter (Schieberle et al., 1993). Ethanol has been reported to be associated with less desirable
flavors in Cheddar cheese (Marsili, l9S5), and it is a precursor of ethyl esters that may cause fruity off-flavors.
The Pel-related compounds indicated an appreciable between-varieties difference regardless of ripening
conditions. Analysis of PC2 scores for NFV revealed no distinct variety-related group separation nor any
appreciable ripening conditions effect (Table 6).

Overall effects of ripening conditions on volatile profile
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The overall effect of ripening conditions on volatile patterns in FF and RF Cheddar cheeses during 6 mo were
compared (Fig. S). The data provide the positioning of different cheeses in the plane defined by the first two
principal components that accounted for 71.2% oftotal variance.
A distinct separation of cheese varieties was observed (Fig. S) and indicated that, throughout
ripening, FF cheeses developed headspace volatile patterns that differed from that of the RF variety.
Throughout ripening, FF samples had positive PCl scores whereas all RF samples had negative PCl scores.
High positive PCl scores correlated generally with short-chain VFFA, lactones, and acetoin while high
negative PCI scores correlated with ethanol, acetic acid, and 2,3-butanediol. Positive PC2 scores, in general,
correlated with butanoic, hexanoic, and dodecanoic acids; negative PC2 scores correlated with acetoin, 8decanolactone, and decanoic acid (data not shown).
Results (Fig. S) indicated, for both FF and RF cheeses, separation with cheese age. Aged samples
were located in the upper half of the PCA scatterplot with higher positive PC2 scores. The age effect was
shown to a greater extent in the FF than in the RF cheeses (Fig. S). These results suggested that during
ripening, Cheddar cheeses developed more flavor characteristics associated with short-chain fatty acids and
lost buttery notes associated with acetoin and lactones. Grazier et al. ( 1991) also reported that buttery flavors
in Cheddar cheese generally decreased, whereas goaty flavors (attributed to butanoic acid) increased, and were
related to increasing age and temperature. However, note that the 1-mo FF samples (a and b in Fig. 5) and RF
samples (A and B in Fig. 5) were positioned within the clusters of the 3-mo FF and RF samples, respectively.
Thus the accumulation of volatiles was relatively slow and significant differences were observed only after 3
mo. (Fig. S).
The effects of ripening conditions on accumulation of volatiles were stronger for FF cheeses than for
RF samples. Full-fat sample ripened at soc for 3 mo (d, Fig. 5) was positioned near those stored at soc for 6
mo (m, Fig. S). Also, the 6-mo FF samples ripened at soc for a longer time (o, n, q, Fig. S) were positioned at
the top of the scatterplot. For RF cheeses, results (Fig S) indicated only a limited effect. RF cheeses of the
same age ripened at different temperatures were, in most cases, positioned close to each other. However, in
some cases temperature effect was noted also for RF samples. For example, the 6-mo RF samples that were
ripened at soc for a relatively long period of time (M and P, Fig. S) were positioned within the cluster of the
3-mo samples.

CONCLUSIONS
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A relatively small change in ripening temperature significantly affected rate and extent of proteolysis
in both FF and RF Cheddar cheeses. Monitoring levels of free L-Glu can provide useful information pertinent
to rate and extent of proteolysis during ripening. Accumulation of free L-Glu could be modulated by small
changes in ripening temperatures.
A relatively small increase in ripening temperature increased the total headspace volatiles extracted
from FF and RF Cheddar cheeses. Different volatile profiles were developed by FF and RF Cheddar cheeses
ripened at different time/temperature conditiO{lS. Effects of ripening conditions on accumulation of volatiles
with time was more notable for FF ~ for RF cheeses. For both varieties, proportions of specific volatiles
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(both VFFA and NFV) were affected by ripening conditions. Ripening Cheddar cheese at an elevated
temperature may provide means to attain desired levels of specific volatiles. This may provide possibilities in
improving the flavor of reduced-fat cheeses.
In light of effect of small changes in ripening temperature on proteolysis and volatiles accumulations,
influence of fluctuation of temperature in both ripening rooms and delivery chain on cheese quality have to be
carefully evaluated. The aforementioned effects may provide cheesernakers with opportunities in better design
and control development of quality attributes during cheese ripening.

•

Table 1-Time/temperature conditions during ripening offull- and reduced-fat Cheddar
cheeses.
Cheese
symboll

Age
(Months)

Ripening history2

a/A
biB
c/C
diD
eiE
f/F
g/G

l
l
3
3
3
3
3
3
3
3
3
3
6
6
6
6
6
6
6
6
6
6
12
12

[30(5)]
[30(8)]
[90(5)]
[90(8)]
[20(5)70(8)]
[20(8)70(5)]
[50(5)40(8)]
[50(8)40(5)]
[20(5)30(8)40(5)]
[20(8)30(5)40(8)]
[20(5)60(8)10(5))
[20(8)60(5)1 0(8)]
[180(5)]
[180(8)]
[20(5)160(8)]
[20(8)160(5))
[50(5)130(8))
[50(8)130(5)]
[20(5)30(8) 130(5)1
[20(8)30(5) 130(8)]
[20(5)60(8) 100(5)]
[20(8)60(5) 100(8)]
[360(5))
[360(8))

hiH
ill
j/J
k/K
IlL
m!M
niN
o/0
piP
q/Q
r/R
siS
tff
u/U
vN
w/W
x/X

[daxs~oq]
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1 Lower case and upper case letters are for full fat (FF) and reduced-fat (RF) cheeses, respectively.
2 Ripening time and temperature profile.
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Table 2-Proportions of identified volatile compounds extracted by SPME from headspace
of 10 days old full-fat and reduced-fat Cheddar cheeses.
Compound

Peak proportion (%)2
FF

RF

1

Ethanol

10.86b

21.26a

2

Acetic acid

6.12b

7.4oa

3

Acetoin

9.03a

0.96b

4

Butanoic acid

1.05a

0.47b

5

2,3-Butanediol

5.58b

9.12b

6

Hexanoic acid

5.6la

5.38a

7

Octanoic acid

16.06a

13.06b

8

Decanoic acid

29.68a

9

o-Decanolactone

2.llb

10

Dodecanoic acid

7.3oa

11

0-Dodecanolactone

3.25b

1 Peak numbers according to Fig. 1.

•

2 Percent of total area of chromatographically separated peaks. Numbers followed by different letters are
significantly different (P < 0.001)

Table 3-Eigenvalues and correlations (loadings) by PCA ofVFFA extracted from headspace
of 6-mo full- and reduced-fat Cheddar cheeses ripened at different conditions.
Correlations (loadings) of eigenvector

PCl

Eigenvalue

Butanoic

Hexanoic

Octanoic

Decanoic

Dodecanoic

1
2
3
4
5

3.13778
1.12699
0.46775
0.24937
0.01811

0.434570
-0.513956
-0.023134
0.656214
0.340361

0.532847
0.008487
0.093393
-0.631193
0.555765

0.237711
0.806042
0.326172
0.401748
0.161245

-0.523073
0.157853
-0.468120
0.096825
0.687724

-0.443971
-0.247296
0.815609
-0.014202
0.276252

1 PC = principal component.
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Table 4-Scores (in ascending order) of the first two principal components obtained by PCA
ofVFFA extracted from headspace of6- mo full- and reduced-fat Cheddar cheeses ripened at
different conditions.
PCI 1
-2.68488
-2.07169
-1.97960
-1.76080
-1.73365
-1.42128
-1.27280
-0.51455
-0.39891
-0.39696
-0.29455
0.13548
0.30090
1.14193
1.43806
1.46119
1.79178
1.95436
2.36000
3.94567

PC2 1

Cheese

-2.29424

p2
M

-1.46673
-1.31997
-1.29547
-0.45651
-0.45648
-0.25044
-0.18652
-0.18468
-0.14774
0.12727
0.29254
0.30860
0.47895
0.61940
0.86535
0.86942
1.07322
1.12936
2.29460
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Q
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s
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0
p
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t

T
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r

1 PC I = first principal component; PC2 = second principal component.
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2 See Table I for detailed ripening conditions.
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Table 5-Eigenvalues and correlations (loadings) by PCA ofNFV compounds extracted from
headspace of 6-mo full- and reduced-fat Cheddar cheeses ripened at different conditions.
Correlations (loadings) of eigenvector
1
2
3
4

5
6

Eigenvalue

Ethanol

Acetoin

BTDL2

Acetic

DCLTb

4.05203
1.13747
0.52415
0.23154
0.05482
0.00000

-0.472366
-0.158102
-0.313314
0.258537
0.145775
0.752905

0.468773
0.128061
-0.104079
-0.583686
0.340623
0.544341

-0.389487
0.018830
0.826047
-0.338714
0.111950
0.195785

0.134387
0.880859
0.141661
0.378025
0.108102
0.177119

0.475062
-0.196378
0.065782
-0.040198
0.843638
0.134473

0.402093
-0.379174
0.430700
0.577255
-0.356063
0.221454

1 PC = principal component.
2 BTDL = 2,3-butanediol; DCLT = 8-decanolactone;
DDLT = 8-dodecanolactone.

Table 6- Scores (in ascending order) of the first two principal components obtained by PCA

•

ofNFV extracted from 6-mo full- and reduced-fat Cheddar cheeses ripened at different
conditions.

1 PCI

•

PC11

Cheese

PC2 1

-2.78612
-2.07491
-2.06850
-2.05534
-1.88212
-1.82460
-1.80997
-1.64965
-1.47185
-1.45183
1.37865
1.40804
1.50587
1.54387
1.54463
1.75391
2.08147
2.22146
2.57058
3.06642

u2

-1.79520
-1.62243
-1.56135
-1.03222
-0.94980
-0.70934
-0.50895
-0.41710
-0.29017
-0.06596
0.03521
0.37616
0.64736
0.79634
0.83805
0.92638
0.96490
1.16776
1.32234
1.87802

Q

s
R
v

0

T
M
N

p
r
0

u
q
m

n
p

t
s
v

= first principal component; PC2 = second principal component.

2 See Table 1 for detailed ripening conditions.
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Schematics 1. Ripening profiles

8

I

85A

I

1

85B
858AB

I

I

I

I

I

I

858AC

•

585AC

I

585AB
58B

I

58A

I

5

0

T

I

I

I

I

I

1

2

3

4

5

6

I

I

Cheese age (m)

•

•

2.5

•

•

Accumulation of L-Glu, FS LINE

,-....

2

t)l:)

~
.......
t)l:)
..._,
1.5

=

_..

FS
FA-SA

•

F5-8B

(])

FS-8-SAB

+

FS-8-SAC

1

~
I

~

0.5
0~--------T-----------------~--------~

0

50

100

Time

•

150

200

(days)

3----------------------------------------~

Accumulation of L-Glu, RF 5 LINE

2.5

-

=
t'J
I

1.5

•
•...

RFS
RF5-8A
RF5-8B

(])

RFS-8-SAB

+

RFS-8-SAC

1

..:I

0.5
0~--------~--------~--------~--------~

0

•

50

100
Time (days)

150

200

Fig. 1. Changes with ripening time in levels of free L-glu. 5 TO

soc

line

3
.-..,.

2.5

~

~
........

•
•
•

Accumulation of L-Giu, FS LINE

2

~

'-"

=

"""""'
~

1.5
1

F8 AV

•

F8-SA AV
F8-SB AV

(])

F8-S-8AB AV

+

F8-S-8AC AV

I

~

0.5
0
0

50

100

Time

150

200

(days)

3.5
3

.-..,.

RF8

Accumulation of L-Giu, RFS LINE

•
•

~

~ 2.5
........
~

'-"

=

"""""'

~
I

~

RF8-SA
RF8-SB

2

(])

RF8-S-8AB

1.5

+

RF8-S-8AC

•

1
0.5
0

0

50

100

Time

150

200

(days)

Fig. 2. Changes, with ripening time in levels of free L-glu.
8 to soc line.

•

e

Fig. 3. Accumulation of free L-Giu with time ..

RF8 > F8 > RF5 > F5
4--------------------------------~

r2 = 0.948 - 0.995

3

•

RFS

e

FS

A

F8

E9

RF8

ea=
I

~

1

0+-------~----------------------~

0

50

100

150

Cheese age (days)

•

200

3
,-......

2.5

Cl)

~

Cl)

'-'

5 to

2

.........

•
•

= 0.925 - 0.997

soc

1.5

=

........
~

1

~

0.5

I

RF5

•

RF5-8A

A

RF5-8B

ED

F5

EB

FA-SA

t{}1

F5-8B

0
1

0

2

4

3

5

5%PTASN (%)
4

r2 -

,-......
Cl)

~

8 to

3

•
•

0.937 - 0.978

soc

.........

FS
F8-5A

A

F8-5B

ED

RFS

83

RF8-5A

~

RF8-5B

Cl)

'-'

2

=

........
~
I

~

1

•

0
0

1

2

3

4

5

6

5%PTASN (%)
Fig. 4. Correlation between accumulation of free L-Giu and
cheese N compounds soluble in 5% PTA.

•

•

Fig. 5. Headspace SPME-GC chromatograms of 6-mo old reduced-fat (A) and fullfat Cheddar cheese ripened at 8°C. Peal identity is provided in Table 2.
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An Alternative Approach to Phage Control in Mozzarella Cheese
Shelby Caldwell, Donald J. McMahon, Craig J. Oberg, and Jeffery R. Broadbent*
Western Dairy Center, Utah State University, Logan, USA.

The modern dairy industry relies on bacterial starter cultures to consistently
produce high quality products. To maintain desired characteristics, manufacturers
have embraced the use of defined strain starter systems. Unfortunately, the longterm use of a limited number of strains can facilitate the emergence of bacteriophage
which cause slowed or failed fermentations. This problem became chronic in
,<

Cheddar cheese facilities over 40 years ago, and it continues to fuel intensive basic

•

and applied research on bacteriophage defense mechanisms in the Cheddar starter
bacterium, Lactococcus lactis. Unfortunately, a parallel phage problem has been
growing in recent years in the Italian-type cheese industry. U.S. production of these
varieties, especially Mozzarella, has exploded from 394 million lbs in 1970 to over
2.8 billion lbs in 1996. Increased manufacture of these varieties, has been followed
by a concomitant rise in bacteriophage problems that have focused new attention
toward bacteriophage that attack thermophilic starters.
The thermophilic starter blends used in the manufacture of Italian-type
cheeses usually consist of a Streptococcus thermophilus paired with a Lactobacillus
species. These two bacteria exhibit a synergistic growth pattern in milk that
stimulates acid production. S. thermophilus is the primary acid producer in the

•

pair, rapidly decreasing the pH to a level that favors the more acid tolerant
Lactobacillus spp. (Oberg and Broadbent 1993). The exocellular proteinase of the
1

•

Lactobacillus spp. hydrolyzes milk protein, releasing small peptides and free amino

acids into the medium where they fuel growth of the less proteolytic S.
thermophil us. Although bacteriophages against both cultures have been isolated

from Mozzarella cheese plants, S. thermophilus is the most common target and
because it is the major acid producer, the consequences of phage attack are more
severe (Oberg and Broadbent 1993).
Because information concerning bacteriophage and bacteriophage resistance
in S. thermophilus remains limited, U.S. producers of Italian-type cheese have
implemented many of the bacteriophage control methods originally developed for
Cheddar cheese starters. These techniques include strain rotation and the isolation
of bacteriophage resistant mutants by superinfection (Oberg and Broadbent 1993).

•

Our laboratory has explored an alternative approach to phage control that involves
the introduction of a new thermophilic starter from a different genus of lactic acid
bacteria.

Pediococci
Pediococcus spp. are homofermentative lactic acid bacteria that are used as·

starter cultures in fermented meat and vegetable foods. Although not traditionally
used in milk fermentations, these organisms are sometimes found as non-starter
bacteria in ripened cheeses. Because of their long history in food and ability to grow
at higher temperatures, it was our hypothesis that pediococci might be suitable
replacements for S. thermophilus in thermophilic starter blends. Unfortunately,
pediococci typically lack the enzyme systems that are necessary for rapid utilization
of lactose and casein (Caldwell et al. 1996).

2
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In an effort to overcome these limitations, we introduced a native, 35kilobase pair Lactococcus lactis lactose plasmid into P. acidilactici ATCC 12697 and P.
pentosaceus ATCC 25745. The wild-type parental strains were unable to transport

lactose and had no detectable phospho-(3-galactosidase (P-(3-Gal) activity, but the new
strains, P. acidilactici SAL and P. pentosaceus SPL-2, contained a level of P-(3-Gal
activity that was two-fold greater than the Lactococcus lactis control. These strains
also acquired the ability to produce acid from lactose and displayed relatively high
rates of lactose transport (Caldwell et al. 1996 and 1998).

Galactose catabolism
During growth on lactose, strains of S. thermophil us characteristically
•

metabolize only the glucose moiety of the disaccharide and export the galactose
residue into the medium via an antiport system for lactose uptake (Hutkins and
Ponne 1991). This mechanism for lactose catabolism can be problematic because
residual galactose in cheese promotes Maillard browning during high-temperature
cooking of pizza, and excess browning makes the product less appealing to
consumers. Thus, the capability to metabolize galactose has become a desirable
characteristic in starter cultures for Mozzarella cheese production (Oberg and
Broadbent 1993).
Most pediococci are able to ferment galactose, and the lactococcal lactose
plasmid that was introduced into P. acidilactici and P. pentosaceus also includes
genes for galactose catabolism through the tagatose-6-phosphate pathway (DeVos

•

and Vaughan 1994). Galactose uptake studies showed that in the absence of lactose,
P. acidilactici SAL and P. pentosaceus SPL-2 accumulated approximately 3-fold

mor~

•

galactose than did the respective parental strains. Our investigation indicated that
SAL and SPL-2 were able to transport galactose through the lactococcallactose
transport system and the native (wild-type) galactose uptake system, and also
showed that the native enzymes remained active even when lactose was present
(Caldwell et al. 1998). More importantly, 9% reconstituted skim milk (RSM)
fermented with L. helveticus LH100 and P. acidilactici SAL or P. pentosaceus SPL-2
starter pairs contained a significantly lower level of residual galactose (P < 0.01) than
RSM fermented with a traditional Mozzarella starter pair. These observations
suggest that Pediococcus strains may be effective cultures for the control of nonenzymatic browning in Mozzarella cheese.

•

Symbiotic growth and acid production
As mentioned above, symbiotic growth between starter cocci and rods is a
desirable property of thermophilic starter blends because it accelerates lactic acid
production. To determine whether similar interactions might occur between
pediococci and lactobacilli, SAL and SPL-2 were grown in 9% RSM alone and in
combination with a commercial Mozzarella starter, Lb. helveticus LH100. Because
they are unable to utilize casein efficiently, neither Pediococcus spp. was able to
coagulate 9% RSM within 48 h at 37°C, while L. helveticus LH100 alone gave a dot
time of 18 h. Nonetheless, when LH100 and SAL or SPL-2 were combined 1:1 (1%
total inoculum), milk dot time was reduced to 6.75 and 6.25 h, respectively, and pH
reduction curves indicated synergistic lactate production was occurring. Synergism
between pediococci and L. helveticus LH100 was also supported by plate count data .
Milk inoculated with SAL, SPL-2, or L. helveticus LH100 single strains always
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contained lower final cell populations, after 24 hat 37°C, than SAL- or SPL-2Lactobacill us paired starters.

Proteolysis and oligopeptide transport
In Lactococcus lactis, rapid growth and acid production in milk require the
abilities to utilize both lactose and casein. The introduction of pPN-1 into the
Pediococcus species gave these bacteria the ability to utilize lactose but not casein
(Caldwell et al. 1996). Subsequent transformation experiments introduced the gene
for the L. lactis WG2 extracellular proteinase into P. acidilactici ATCC 12697 and P.
pentosaceus ATCC 25745. Low levels of expression were observed in P. acidilactici

ATCC 12697, however the results could not be repeated. Further characterization
•

indicated that the proteinase gene was unstable in these strains.
Introduction of the genes for the oligopeptide transport system into P.
acidilactici SAL and P. pentosaceus SPL-2 resulted in expression of this system.

Studies in milk, however, indicated that this expression did not have an influence
on the ability of these strains to clot milk.

Phage sensitivity
Since the primary objective of our work is to develop an alternative starter
coccus that could be used to thwart bacteriophage proliferation in Mozzarella cheese
plants, it was important to screen P. acidilactici SAL and P. pentosaceus SPL-2 for
sensitivity to bacteriophages that were already present in the industry. In
•

collaboration with Rhodia, Inc. (Madison, Wis.), P. acidilactici SAL and P.
pentosaceus SPL-2 were tested for susceptibility to bacteriophages in 835 separate

5
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whey samples collected from North American cheese producers. More than half of
the whey samples contained greater than 105 plaque forming units per ml, but none
of these bacteriophages was able to attack SAL or SPL-2 (Caldwell et al. 1996).

Cheese manufacture
Experimental scale part-skim Mozzarella cheese was manufactured using L.
helveticus LH100 and P. acidilactici SAL or P. pentosaceus SPL-2 paired starters (1:1,

2% total inoculation) and a commercial starter pair (5. thermophilus TA061 with L.
helveticus LH100 in 1:1 ratio, 1% total inoculation). Cheese fat and moisture levels

in Mozzarella made with Pediococcus-L. helveticus paired starters were similar to
those of the control cheese. The time required to produce Mozzarella (curd cut to

•

stretching) with SPL-2 or SAL starter blends, however, averaged 60- and 90 min
longer than the control. Because of their slower activity, the Lac+ pediococci
developed in our laboratory may, at present, be most valuable as adjuncts in
traditional S. thermophilus/Lactobacillus spp. starter blends, where their acidproducing ability may provide added protection against slowed fermentations
caused by S. thermophilus bacteriophage.
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Process cheese

•

+More homogenous than natural cheese
+ Longer shelf life
+ Variety of flavors and textures
+Approximately 28% of natural cheese in
the marketplace is being converted to
process cheese

Desirable characteristics
+ Clean, cheese flavor
+ Good melting attributes

•

•

Process Cheese Formulation
Ingredient
American Cheese
Water+ Steam
Cream (80%)
Na2HP04 (anhyd)
Salt
Na3 P04

/o Finished (!roduct

0

83.00
7.55
6.25
1.80
0.80
0.60

Cheese Function depends on
Protein
+ Casein is the major protein in cheese
+ Casein is a highly functional protein that
impacts cheese functionality.
+Let's examine a little casein chemistry

•

Casein
+ Precipitates at pH 4.6 and 20°C
+ 76-82% of total milk protein
+ Four casein fractions:
•
•
•
•

a,,-casein
as2-casein
!3-casein
K-casein

o-

•

•

Charge Distribution
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Formation of protein matrix

•
~

<

Heat
Agitation
I

Casein as an emulsifier
+ Amphiphilic
+ Migrate to oil-water interface to expose
hydrophilic and hydrophobic residues
• Low molecular weight
• High surface activity
• Low surface tension

Previous research has focused
on liquid emulsions

•

Microstructure of two cheeses

Process cheese

•

Cheddar cheese
(Sutheerawattananonda, 1997)

Cheese "melt"
+ Melting characteristics unpredictable
+ Influenced by microstructure and
composition
+ Related to heat transfer in the solid
cheese and the viscoelasticity of the melt
+ Determined by the onset of Dow

•

Common melting tests
+Arnott
+Schreiber
+ Olson and Price
• Empirical methods
• Consistent and reproducible
• No correlation

•

•

Rheological methods
+ Rheology examines the deformation and
flow of materials responding to applied
stress and strain
• Stress = internal force per unit area
• Strain = relative change in dimension of a matter
subjected to stress

+ Cheese is viscoelastic

Casein fraction isolation
/Chymosin

•

Sodium caseinate
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1 Rennet Casein
2 13-casein
3 13-casein standard
4 a-casein standard
5 a-/para-K-casein

•

FPLC analysis of f3-casein
0.1715
0.165
1.131
0.115
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Fraction analysis
P-

a-/para-K-

Rennet

Protein

91.65

8o.43

80.48

Moisture

4.05

5.23

6.16

4.11

9.66

8.20

Ash
Calcium

1.35

1.65

2.66

Phosphorus

0.54

0.72

1.54

Sodium

0.18

1.96

0.86

Chloride

0.75

1.32

0.04

•
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Process Cheddar cheese
standard of identity
Moisture
Fat
Emulsifying agent solids
pH

<40%
>50%
<3%
>5.3

(21 CFR 133.169)

Process cheese model formulation

•

28%
30%
2.5%
2.25%
36%

Protein
Butte roil
Trisodium citrate
Sodium chloride
Water

Experimental design
Treatment
A
B

c
D
E

F

%j3:%a
0:100
25:75
50:50
75:25
100:0
Control

+Completely randomized design
+ Three replicates

•

•

Composition
Per~ent

Model

Control

+0.71

39.59 :!: 1.02

Protein

24.32 :!: 0.57

22.78 :!:0.13

Fat

30.00 :!:0.76

29.84 :!:0.27

Ash

4.33 :!:0.13

5.24 :!:0.03

0.41

:!:0.45

0.71 :!:0.03

5.62 :!:0.07

5.64 :!: 0.17

Moisture

Calcium
pH

40.03

FPLC analysis
o/o

Treatment

13-~asein

Formulated

Actual

A

0

25

B

25

50

c

50

75

D

75

88

E

100

97

F

~ontrol

50

•

Rheology of cheese
+ Cheese is viscoelastic
+ Dynamic viscoelastic testing
• Rapid method
• Minimal ~hemi~al and
manipulation

physi~al

+ Melt related to transition from semi-solid
to viscous liquid

•

•

Dynamic stress rheometer (DSR)
+ Linear viscoelastic region
• Adjusts stress
• Low strain

+Prevent moisture loss and sample slip
+ Determine the cross point of elastic and
viscous moduli as the temperature is
increased

DSR Apparatus

•
Rheological terms
+ G' = elastic modulus
+ G"= viscous modulus

• Transition temperature is the lowest
temperature at which G' = G"

•

•
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Transition temperatures
o/o J3-casein
25

Control

Tem~rature

ac

56.2 ± 1.15

50

55.3 ± 1.15

75

55.2 ±2.75

88

62.5 ± 1.00

97

76.8 ±6.25

50

58.8 ±2.57

Schreiber melt test
+Average of the expansion of melt from
the center in six directions

•

(Zehren and Nusbaum, 1992)

Schreiber melt indices
0

/o J3-casein

Control

Schreiber Index

25

4.2 ±0.17

so

4.9 ±0.75

75

3.9 ±0.18

88

3.4 ±0.22

97

2.4 ±0.32

50

4.0 ±0.36
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Comparison of test results
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Conclusions

•

+ Process cheese meltability can be
evaluated using dynamic stress
rheometry
+Protein composition of process cheese
affects the melting characteristics
+An increase in the amount of (3-casein
causes an increase in the transition
temperature in a process cheese model

Future research
+ Image analysis using fluorescence
microscopy
+ Correlation between cheese microstructure
and transition temperature

+ Determine influence of hydrolyzed casein
fractions on melting properties
+ Enrich natural cheeses with casein
fractions

•
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INFLUENCE OF FAT, MOISTURE AND SALT ON FUNCTIONAL
PROPERTIES OF MOZZARELLA CHEESE
D. J. McMahon 1 and C. J. Oberg2, Western Dairy Center,
1

Department of Nutrition & Food Sciences, Utah State University, Logan UT 84322-8700.

2

Department of Microbiology, Weber State University, Ogden UT 84408-2506.

Abstract
Based on our studies, the most important parameter controlling melting of Mozzarella
cheese is the status of the protein matrix. Fat is important in allowing moisture to be retained in
cheese, and also has a protective and lubricating effect as the cheese is heated. But it should be
looked upon as a secondary factor because if the pH, moisture, calcium and salt content of the
cheese is appropriate, then even a fat-free cheese can be manufactured so as to have extensive
melting properties. During the pasta filata stage of manufacturing mozzarella cheese, the
proteins are aligned into fibers separated by channels containing close-packed fat globules,
bacterial cells, and whey serum. Then during storage of the cheese the serum in these channels
is absorbed as a function of increased hydration of the proteins in the surrounding matrix.

•

Then as the proteins become more hydrated (and correspondingly less aggregated) the
meltablity of the cheese increases. This increased interaction of the caseins is enhanced by
addition of NaCl to the cheese and by reducing cheese calcium content.

Introduction
The melting properties of cheese are controlled by the chemical composition of the cheese
at the time it is heated. This includes not only the obvious parameters of protein, fat, moisture,
salt, and pH but also less often measured parameters such as calcium content, protein
hydrolysis, and extent of hydration of the proteins. As will be shown, of particular importance
is the state of the proteins in the cheese and the extent of their interactions with other protein
and surrounding water molecules. The microstructure of cheese plays an important role in
determining the amount of water that is retained in the cheese, and is available for protein
hydration.

Development of Cheese Structure
Development of structure during curd manufacture
When rennet is added to milk a physical change occurs in which the milk changes from a

•

dispersed colloidal system of casein micelles to a relatively fine-stranded gel network which
entraps the fat globules and bacterial cells. The initial gel network is comprised of clusters and
chains of individual micelles that have surface contact with each other (McMahon et al., 1993).
1
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All subsequent changes to the proteins during cheesemaking can be considered a result of the
change in free energy of the system that occurs when the macropeptide portion of K-casein is
removed by renneting. After renneting, the proteins become "sticky" and start to rearrange

•

themselves as they seek their lowest free energy state. They do this by shielding their
hydrophobic groups from water and by participating in salt bridges through interactions with
calcium and phosphate. As the pH drops, the charges on the proteins change so that their
lowest free energy state continually changes, and protein rearrangements continue such that
histidine residues change from being 80% uncharged at milk pH, to carrying an 80% positive
charge at cheese pH; and the phosphoserine groups also become more protonated which
reduces the negative charge they carry.
During cooking and stirring of the curd the process of micelle de-stabilization continues to
the extent that the micelles fuse together by expelling serum. [It is important to realize that
while the macrostructures we call casein micelles fuse together and lose their individuality, the
individual protein molecules retain their identity even thought they may aggregate together.]
Rather than having individual chains of micelles, thicker and thicker strands of protein develop
as the original micelle chains collapse upon each other and the three-dimensional protein
network, that is the backbone of the curd particles, shrinks and the entrapped whey is pushed
out of the curd (McMahon et al., 1993; Oberg et al., 1993). While the curd is still warm the fat
globules become distorted in shape as they are pushed together by the shrinking protein curd.
This continual pressure that is exerted on the fat globules by the protein network can result in

•

breakage of the fat globule membrane.
By the time dry-stirring of the curd has been completed, the curd structure can be
represented as an open-celled gel consisting of a three-dimensional network of protein strands
that are 2 to 6

~m

thick (this corresponds to having approximately 15 to 50 individual casein

micelles fused together). Between the protein strands are open cells that contain fat globules,
or groups of fat globules, bacteria, and whey that fills up any spaces between the fat globules
and the protein network. And because they are open cells, whey constituents (including water)
can easily diffuse between the cells. As the cells begin to close then moisture movement is
retarded.

Development of structure by pasta filata process
The pasta filata nature of mozzarella cheese is brought about by heating and stretching the
curd particles until the cheese appears as a homogeneous mass. On the microstructure level,
however, it is seen that the proteins are aligned into fibers separated by channels containing
close-packed fat globules, bacterial cells, and whey serum (Oberg et al., 1993). While the
2
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cheese is still warm (ca. 55°C) the proteins have the appearance of continuous, interconnected,
smooth-walled fibers separated by channels which contained molten fat globules, serum,
bacteria, and water soluble cheese components.
After the cheese had been cooled and brined, the protein matrix surface surrounding the
fat/serum channels has a rough-textured appearance.

The fat/serum channel walls contain

numerous circular indentations which range in size from approximately 1 to 10 J. tm diameter.
In addition, there were also many smaller circular and elliptical indentations approximately 0. 5

to 1 J..Uil in diameter. The larger indentations corresponded to the size of fat globules while the
smaller indentations corresponded to that of the cocci starter culture.

Based on these

observations, it appears that the protein matrix presses upon the rigid components of the
fat/serum channels and molds around any solid object adjacent to the fat/serum channel walls.
While the cheese is still warm the fat globules can be deformed so that no indentations appear
in the fat/serum channel walls. However, as the cheese is cooled the fat globules solidify and
act as a template around which the pliable protein matrix is molded.

Development of cheese structure during storage

•

When the microstructure of the cheese was examined during refrigerated (4 °C) storage, the
appearance of the fat/serum channels continued to change, the impressions in the protein matrix
surface of the channel walls became more pronounced and changed from small indentations to
large depressions (McMahon, 1995). After seven days of storage, the protein matrix extended
0.5 to 1.0 Jlm into the fat serum channels, so that the spherical shape of the fat globules were
distinctly defmed. After fourteen days, the protein matrix had loosely surrounded the fat
globules. Thin strands of protein material, encroaching from all sides, connected the fat/serum
channel walls and partially occupied the space previously filled by the interstitial serum
between the close-packed fat globules giving the fat/serum channels a honeycomb appearance.
After 21 days, the interstitial spaces between the fat globules appeared to be completely filled
by the protein matrix. From the micrographs, it could be concluded that there had been no
change in the position of the fat globules during storage; rather, any changes in cheese
microstructure during storage were a result of protein and water redistribution. During this
same storage period when the distinct changes in cheese microstructure are occurring, we have
also observed changes in cheese meltability (Oberg et al., 1991a; Oberg et al., 1991b; Oberg
and Merrill, 1992; Merrill et al., 1994; Merrill et al., 1996; McMahon et al., 1996a; Fife et al.,

•

1996; Perry et al., 1997).

3
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Making lower fat cheese fat
The most important strategy for improving the functional properties of lower fat cheese is
to increase its moisture content sufficiently to provide a moisture-to-protein ratio in the lower

•

fat cheese that is equal or higher than its full fat counterpart. We have observed the influence of
moisture content on meltability under a variety of conditions. In Mozzarella cheese, increased
moisture content can be achieved by increasing the water binding capacity of the proteins so
that they become more hydrated, or by increasing the size of the serum channels between
protein strands. Some strategies that we have employed to manufacture lower fat mozzarella
cheese include modifying the cheese manufacturing procedures (Merrill et al., 1994),
modifying the chemical environment surrounding the proteins (Paulson et al., 1998), using
micro-particulated additives (McMahon et al., 1996a), or using starter cultures that produce an
exopolysaccharide (Perry et al.; 1997; Perry et al.; 1998).

Using fat mimetics
Adding a fat mimetic to the milk can also increase cheese moisture content but whether this
will provide increased meltability depends on the characteristics of the fat mimetic. Of
importance is the level of microparticulation, particle size, interaction with casein, and
distribution between protein matrix and serum within the cheese curd. When examining low
fat mozzarella cheeses made using a variety of fat mimetics (McMahon et al., 1996a ), we
observed considerable differences in their morphology, their location in the cheese, their impact
on cheese microstructure, their effect on cheese moisture content, and their effect on melted

•

cheese functionality. Fat mimetic particles such as those made from microcrystalline cellulose
that are larger than the individual protein strands in Mozzarella cheese, are too large to be
embedded in the protein, instead they create large serum channels in the cheese.

Smaller

particles (such those made from microparticulated whey proteins) are distributed between the
protein matrix and the serum channels and have little effect on increasing the openness of the
cheese.

Making nonfat cheese
If the fat content of cheese is lowered to the extent that a nonfat cheese is produced (e.g., a

nonfat cheese in the USA must contain less than 1o/o fat) then there are a number of functional
difficulties to overcome. A nonfat cheese typically has poor meltability (or if moisture content
is increased then it is difficult to shred), it has a translucent color, it dehydrates during heating
which can result in excessive browning and charring of the surface (especially if the cheese is
cooked on a pizza in a hot-air convection oven), and the cheese hardens quickly as it cools.
The aim of making a nonfat cheese should therefore be to maintain a high water holding

4
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capacity of the proteins as the cheese is manufactured.

This will serve the function of

providing a reservoir against moisture loss as the cheese is heated but also to reduce the
interactions between proteins that prevents the proteins from flowing when the cheese is
heated. During baking of nonfat cheese on a pizza, the dehydration of the cheese can also be
reduced by placing the cheese under the other toppings, or by spraying a very small amount of
oil over the surface of the cheese. We have used this approach to make a nonfat mozzarella
cheese using direct acidification (i.e., without adding starter cultures) and found that if the
moisture content and calcium content of the cheese are optimized then a nonfat cheese can be
made that is suitable for use on a pizza in a convection oven. Such a cheese also requires no
aging so that you can make cheese in the morning and eat pizza for lunch.

Moisture in Cheese
To understand the changes in microstructure observed during storage of Mozzarella cheese
we conducted research on cheese at two fat levels (19% fat and 8% fat) to determine what
changes take place in how the water is distributed in the cheese and to relate those changes to
cheese functionality. Even though the reduced fat cheese had a higher total water content than

•

the control cheese (54% versus 49%), it contained slightly less water on a fat-free basis (59%
versus 60% ).

Expressed serum
There was no difference in the amount of expressible serum (nonfat serum expressed at
12,500 x g) between the control or reduced fat cheese when expressed as a percentage of the
total cheese moisture content. Each cheese contained approximately 17% expressible water on.
day 1, 5% expressible water on day 7, and by day 14 no expressible water could be recovered
from either cheese. This same trend has been previously shown by Guo and Kindstedt. ( 1,995) •
and based on the trend lines observed it appears that all of the expressible water ;was
incorporated into the protein matrix by 10 d of storage.
From our observations of changes in microstructure, it appears that serum, along with the
protein contained therein, was absorbed into the protein matrix and became an integral part of
the protein matrix by d 21 as shown in Figure 1. There appeared to be no discontinuity
between the material that fllled the serum channels and that of the protein fibers. This suggests
that rather than protein being further solubilized into the fat-serum channels so that the protein
matrix was weakened, the soluble proteins are being incorporated back into the protein matrix
as the protein matrix absorbed the water contained in the fat-serum channels. Although the

•

amount of expressible water in the control and reduced fat cheeses was lower than in the
cheeses examined by Guo and Kindstedt (1995), it was apparent that the expressible water

5
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dynamically moved from a free-flowing state to a less free state within a few days of
manufacture.

Bound water

•

The amount of bound water (water nonfreezable at -40°C) in the cheeses did not change
significantly during 21 days storage. therefore, the water absorbed from the fat-serum channels
during storage remained in the bulk phase although it was entrapped within the protein matrix.

Entrapped water
The amount of entrapped water increased in both the control and reduced fat cheese over
21 d. The control cheese contained more entrapped water than the reduced fat cheese on d 1
and throughout 21 d of storage. These results were not unexpected in light of the results for
bound water because the total amount of bulk water (entrapped water plus expressible water)
was the complement of the bound water content. The rate and magnitude of the increase in
entrapped water, when expressed as a percentage of the total water, were approximately the
same in both the control and reduced fat cheese. Between d 1 and d 7, the amount of entrapped
water increased by approximately 2.0%/d in the control cheese and 1.9%/d in the reduced fat
cheese. Between d 7 and 14, the rate of increase was slower, 0.6 and 0.8%, respectively. The
rate of increase in the amount of entrapped water also corresponded to the rate at which
expressible water was incorporated into the protein matrix until the time that no more
expre~sible

water remained in the fat-serum channels (approximately d 10). After all of the

•

expressible water had been incorporated into the protein matrix, no significant increases
occurred in the amount of entrapped water in either cheese.
Although physically impeded by the protein matrix, entrapped water is available to
participate in both protein hydration and act as a solvent.

Recently, Cooke et al. (4)

demonstrated that the spaces between electron-dense centers shown in transmission electron
micrographs of low fat Mozzarella cheese increase with storage time (6 wk).

They postulated

that the increase in spacing, as well as an increase in the size of the electron-dense center, was a
result of a reorganization of the protein matrix in response to proteolysis.

More recently,

Paulson et al. (1998) showed that the spaces between electron-dense centers in transmission
electron micrographs of samples of nonfat Mozzarella cheese change in response to salt
concentration. Both of those studies demonstrated how differences in cheese functionality can
be correlated with changes in protein organization at the molecular level. These spaces between
the electron-dense centers would represent regions of entrapped water between the protein
aggregates, and changes in entrapped water could also be explained by changes in protein
organization.

6
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We concluded from this that the water that was absorbed from the fat/serum channels
during storage still remained in the bulk phase, even though it was physically entrapped within
the protein matrix.

This suggests a change in the overall organization of the proteins

throughout the matrix that allows more water to be entrapped between the individual protein
molecules. The increased cheese meltability observed during storage of mozzarella cheese
(Fife et al., 1996; Guo and Kindstedt, 1995; McMahon et al., 1996a; Merrill et al., 1994;
Tunick et al., 1993) can then be explained in terms of changes in water and protein states
within the cheese. At the beginning of storage, cheese has the least meltability suggesting that
when heated, the proteins tend to maintain strong protein-to-protein interactions and resist the
tendency to flow even though expressible water and fat were present within the fat/serum
channels. As moisture is absorbed from the fat/serum channels into the protein matrix, the
proteins become more hydrated. This allows the proteins to flow more easily when heated and
results in improved meltability.

Influence of salt
To investigate the influence of salt on the protein matrix of cheese we made a fat-free
Mozzarella cheese using direct acidification and applied various salt treatments to the curd (0,

•

0.5%, or 1.0% salt) and used various hot water treatments (0, 5, or 10% brine solutions)
during the cooking/stretching process (Paulson et al., 1998). Salt levels ranged from 0.14%
for cheese that was unsalted to 2.2% for the cheese that had 1% salt added to the curd followed
by stretching in a 10% brine solution. Cheese that had 1% salt added to the curd and was
'

/,

stretching in a 5% brine solution had a final salt content of 1.5%.
'

;

f

·,'

The cheeses had moisture contents ranging from 61% to 63%. Those cheeses iri' ~hich
the curd had been salted had the higher moisture levels. This is believed to be a result o:f't1ie s.alt
...

';

•'

(

·.--.

inducing hydration of proteins on the surface of the curd particles causing the whey within the
• •, .! '

-~

.'

I

I

curd to be trapped and remain in the final product. When salt concentration of the 'nonfat
cheese was >0.85%, no expressible serum was obtained. In these cheeses, th~ ~~t·-·had.
.

-·

','

lowered the tendency for the proteins to aggregate such that no regions of free serum remained
within the matrix. All the moisture in the cheese was entrapped within the protein matrix: ·Ill
unsalted cheese, about 7% of the moisture in the cheese was expressible. This levei ·declined
.. ' . .
during storage but not to the extent shown for other cheeses (Guo and Kindstedt, 1995).
When the microstructure of the cheese with the lowest and highest salt contents wer~ .
~

.

'·-·

compared they were observed to have very different structures. Unsalted cheeses had'I:rrge
fissures (up to 10 J.Lm in width) and numerous small pockets($] J.Lm width) which

•

repre~~nt

pockets and channels filled with whey. It is from these regions that serum can be expressed by
centrifugation. In that sense, they are comparable to the fat/serum channels observed in
7
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mozzarella cheese that contains fat, although they were less numerous and much smaller. This
suggests there is a tendency for protein aggregation within the cheese which excludes serum
from the protein matrix and traps it in large pockets. In contrast, the salted cheeses had a
homogeneous structure and there were no interruptions to the protein matrix.

•

The differences in protein structure between salted and unsalted cheeses were also
apparent at higher magnifications (30,000x) using transmission electron microscopy. The
unsalted cheese had regions of low electron density within the protein matrix that represent
pockets of serum that were 20 to 150 nm in diameter. An interesting observation during this
experiment was that while the unsalted cheese was opaque, when salt was added to the curd it
become translucent. It is believed that these small serum pockets act as light scattering centers
throughout the cheese matrix which give unsalted cheeses their opaque appearance. No such
pockets were present in the salted cheese.
At very high magnification (140,000x), differences in ultrastructure were also observed
between the unsalted and salted cheeses. The unsalted cheese had larger and more distinct
protein aggregates, giving the protein matrix a grainy appearance. In contrast, the salted cheese
had a more evenly dispersed protein arrangement, and large protein clusters were less obvious.
Using an image analysis process we calculated the average spacing between the electron-dense
regions of the micrographs to be 3.5 nm for the unsalted cheese and 2.4 nm for the salted
cheese. Because of the dimensional compression that occurs when using electron microscopy
to image a thin section, the actual spacing between protein aggregates would be an order of
magnitude Iarger.. However, it was apparent that addition of salt to the cheese decreased both

•

the size of the protein aggregates and the spacing between them.

Conclusions
The overall meltability of Mozzarella cheese can be considered as the combined effects of
fat co:'ltent and the balance between protein-to-protein interactions and protein-to-water
interactions of the cheese matrix. During cheesemaking, the fat globules act as an inert filler
that is entrapped within the protein matrix of the curd.

Because the fat globules have a

hydrophilic surface they are non-attractive to the shrinking protein matrix ; the aggregation of
the caseins is instead being driven by hydrophobic interaction.
'

'

During the cooking and

'

stretching process, close packing of the fat globules forms fat/serum channels in pasta filata
cheese. 7he interstices between the fat globules provide a reservoir for retaining additional
moisture in the cheese that can be absorbed into the protein matrix after the cheese is salted and
cooled.

~ initial high level of protein-to-protein interactions in the cheese matrix restricts the
ability of the proteins to flow when heated. Addition of salt to cheese, especially when the

8
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calcium content has been reduced, increases the interactions of the individual proteins with
water and reduces the extent of interaction between protein molecules. Thus, salt alters the free
energy state of the proteins and initiates changes in protein arrangements in the cheese matrix.
As a consequence, the proteins become more hydrated and any moisture entrapped in pockets
or channels in the cheese is absorbed into the protein matrix. This is observed as a reduction in
expressible serum.
Absorption of water from the fat/serum channels into the protein matrix allows rearrangement of proteins so that increased protein hydration occurs allowing the proteins to flow
more easily when heated. If there is no water available then the protein rearrangements can not
take place. The increased water content of the protein matrix results in improved meltability.
Further improvement in the meltability would continue ·as the protein matrix becomes fully
hydrated. Thus, the relationship between cheese meltability and moisture content is explained,
and if the moisture content of a fat free cheese is sufficiently high then·the cheese will have
good melting properties.
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Moisture in fat-serum channels absorbed by
protein matrix and the protein matrix expands and
completely encases the fat globules.
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Figure 1. Schematic of the change in moisture distribution during storage of .
Mozzarella cheese.
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